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PREFACE 
This survey has been undertaken by the Tussock Grasslands and Mountain Lands Institute for 
the following reasons: 
1. The Institute has been made responsible for collecting, assembling and disseminating all available 
information about the tussock grasslands and mountain lands both occupied and unoccupied. 
2. No comparable survey has been made of a catchment of this size and importance. 
3. Many scientists including overseas visitors and other less qualified people have expressed strong 
views about the condition of the Waimakariri and other high country catchments. and the 
appropriate remedies. 
4. It is of the utinost importance to determine the extent of our knowledge and the extent of our 
ignorance in this field. 
5. The Waimakariri if uncontrolled threatens the greatest concentration of valuable property of any 
New Zealand river. 
6. The past work of the North Canterbury Catchment Board, the N.Z. Forest Service, the Department 
of Agriculture and other public bodies has provided a greater fund of published and unpublished 
information than exists elsewhere. ' 
The compilers of this report, members of the Staff of the Institute, have been left unfettered in their 
collection of material, their presentation of it and in the conclusions they have drawn. 
The Committee of Management presents the report as a whole believing the information it contains 
. to be as accurate as it is possible to be, though for various reasons some members of this Committee 
are unable to support all the recommendations. 
On the evidence which it presents certain main points emerge. 
1. That there is not sufficient evidence to determine the overall trend of plant cover and erosion in the 
catchment. 
2. Th~t there is not sufficient information available about the past history of the catchment in Maori 
and European settlement periods to indicate what the climax vegetation could be in the present 
climatic conditions. 
3. The quantities of flood water which reach the lower river from various tributaries are unknown. 
4. The proportions of sediment which reach the lower river from these sources are also unknown. 
5. The effect on the river of the heavy reduction in deer population during recent years is unknown. 
6. The effect of the marked reduction in burning since 1920 and its cessation in recent years is un~· 
known. 
7. The effects of the reduction in sheep numbers in the last fifty years is unknown. 
8. That no matter what the trend at lower altitudes may be, deterioration of cover and soil loss con-
tinue generally at high altitudes. 
9. Apart from the lessening of grazing pressure by domestic and wild animals suitable means of 
improving the situation at high altitudes are unknown. 
10. Improvement of cover is possible at lower altitudes, particularly where slopes are not too steep. 
11. Improvement of cover can be combined with increased production. 
12. There is insufficient knowledge of the economics of various methods of increasing production. 
The recommendations have been made in the belief that they are necessary, possible and just. For 
this reason it is essential that they be considered as interdependent. 
The compilers of the survey accept the evidence that deterioratiQn continues at high altitudes and 
therefore they consider that the only step available at present must be taken-the retirement of Class 
VIII land above about 3,000 feet. They also believe that the danger of damaging Class VII land 
above 3,000 feet by grazing is great and it is so inextricably mixed with Class VIn that it also should 
be retired. Here it should be noted that at no stage is any mention made of permanent retirement. 
These recommendations if carried out arbitrarily would constitute a grave injustice to the occupiers 
of the land, which is held largely under permanent lease from the Crown or other bodies. As a con-
sequence the authors have recommended adequate monetary compensation which could be used to 
'develop the resources of Class VI and better lands at lower altitudes. . 
In addition to compensation they believe that the holders of leases who are required to invest large 
capital sums in order to comply with the demands of the community should have the right, if they 
so desire, to acquire the freehold of their improved lands in order that they, rather than the com-
munity, should be the beneficiaries of that investment. They have occupied these lands legitimately and 
farmed them in the traditional manner with the consent of the community. It is only just that any 
change should be voluntary and should leave them no worse off financially than before. 
It is quite clear that the survey has revealed vast fields of ignorance and that future control of 
the catchment must be accompanied by scientific investigation into these fields. 
They may be listed briefly as follows: 
1. Investigation of the movement of flood waters and the sources of sediment carried by them. 
2. The development of methods of revegetation at high altitudes and on difficult sites. 
3. A study of the types of vegetation most suited to erosion and flood control. 
4. A study of the economics of the changed system of pastoral production envisaged. 
In none of these fields have we the essential knowledge for the control of a river like the Wai-
makariri. 
Finally it must be stressed that this survey refers to the Waimakariri alone. It is not necessarily 
applicable to any other catchment and the recommendations regarding land use and tenure may not 
apply generally throughout the High Country. 
~ 
for the Management Committee, 
Tussock Grasslands and Mountain 
Lands Institute. 
ABSTRACT 
1. The Waimakariri River has been a constant threat to the 
Christchurch area. From the earliest days of settlement, river 
works have been carried out to control flooding, and the present 
value of these works now exceeds five million pounds. However, 
only in more recent times has it been suggested that the condition 
of the upper catchment could be an important factor in flood con-
trol. 
20 This study describes the upper catchment, examines its use, 
and potential, and makes recommendations for future use and 
research~ 
3. The area is described as a high-altitude, mountain catchment 
with predominantly steep, unstable slopes! and shallow, infertile, 
and erodible soils. The vegetation has been drastically modified 
in pre-European and European times and consequently half the catch-
ment is in a severely to extremely eroded condition. 
4. In recent years the condition of some plant communities has 
irnproved g but others, particularly above about 3,000 feet, continue 
to deteriorate~ The deterioration is greatest on those areas 
grazed by both domestic and noxious animalse 
5. These are areas of high precipitation with a considerable 
potential for water conservation and detention~ However this 
potential will not be realised under continued grazing. This 
report therefore recommends that all stock should be excluded from 
high altitude lando 
6. However 0 as most of the present occupiers have legal rights to 
the pastu~age of this land it is recommended that they be adequately 
compensated for its loss~ Compensation should be based on the 
productive value of the retired lando and reinvested in the remain-
der of the property~ 
70 Despite a reduction in the grazable area, agricultural prod-
uction could be increased three-fold D an increase which would be 
consistent with the water and soil conservation requirements of 
the catchment as a whole~ 
8~ Increased agricultural productivity will not be possible with-
out major changes in the present system of farming. The feasibility 
and economics of the necessary changes are discussed, and twelve 
recommendations are made for their adoption. 
90 As many decisions on future use have been based on rather 
inadequate data, six recommendations are made for further research 
and investigatione Results from the recommended studies would be 
of benefit to future planning. 
10 .. The recommendat.ions-~for, ~,uture )landuse would be best implemented 
thr6ugh_theNorthCanterbilry Catchment-Board is Run Plans •. - L The 'estim-
atedcost of £370 ,000 would be spread _over a numbe~ of. -. y~ars as the 
proposals were progressively incorporated in future run plans. 
iv 
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CHAPTER l~ 
LOCATION AND AREA 
Fig l~l shows the location of the Waimakariri catchment. 
The river drains a section of the Southern Alps, and is bounded 
by the Snowy and Dampier Ranges in the north; the Black and 
Craigieburn Ranges in the Southu the Southern Alps in the west, 
and the Puketeraki Range in the easte 
The area of the ca-tchment above the Otarama Gorge I and 
including the Kowai catchment is 578,450 acrese with the lower 
catchment the total area is 906~670 acres and is one of the ten 
largest catchments in the South Island*e 
CHAPTER 2 ~ 
TOPOGRAPHY 
The topography of the catchment has resulted directly 
from glacial and post=~glacial activity.. In the west, mountains 
rise steeply from comparatively narrow valleys~ In the mid and 
eastern parts the mountains are less steep, and are associated 
with fans, terraces and rolling morainic downs. 
Table 2.1 has been compiled from Sheet 6 of Soil Map, South 
Island N.Z~ and shows that the steep mountains are the dominant 
topographic class0 
TABLE 2" 1 
Percentage of each topographic class within the 
Waimakariri catchment. 
Topographic class 
River beds and lakes 
Terraces 
Rolling lands and hills 
Steeplands 
Altitudes 
Most slopes under 
50 
150 
more than 150 
Altitude ranges from 810 feet at the Waimakariri Gorge 
Bridge to 7,873 feet (Mt .. Murchison). The mean altitude for the 
catchment is approximately 3,500 feet~ 
*Others are: the Wairau, Waitakit' Taieri, Clutha, Mataura, Oreti, 
Waiau (Southland), Grey, Bullero 
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Fig 2.1 was derived from Sheet 7 of the Regional Data series, 
and indicates that 60% of the catchment lies above 3,000 feet. 
Only 3% lies below 1,500 feet. 
Altitudinal Zones 
Molloy (1962) defined four altitudinal zones which corres-
ponded with those broadly proposed by Wardle (1964), and discussed 
by him (1965). wraight (1963) used the term upper mQntane to 
describe the land between 3,000 and 4,500 feet which supported 
grassland. He reserved the term subalpine for that land which 
occupied that same altitudinal zone but supported scrub plants. 
In this study the following altitudinal zones have been 
used: 
Lowland below 1,000 feet 
Montane 1,000 to 3,000 feet 
Upper montane (grassland) 3,000 to 4,500 feet Subalpine (scrub) 
Alpine above 4,500 feet 
CP...APTER 3" 
GEOLOGY 
3.1 GEOLOGICAL HISTORY 
The Deposition and Uplift of Sediments 
Mountain building in the Southern Alps began about the end 
of the Jurassic*u when an extensive lens of sedimentary material 
was subjected to a general upheaval.. This uplifted land mass 
was reduced to a land of low relief during the cretaceous and 
early TertiarY6 and then covered by terrestial and marine sediments 
of the mid-Tertiary~ Fault movement in the late Tertiary and 
early Pleistocene raised the mountain chain now known as the 
Southern Alps., 
Glaciation 
Pleistocene glacial activity modified most of the area. 
Five glacial advances (Gage 1958, Suggate 1965) converted 
the major faults into the primary drainage channels and .produced 
many of the physiographic features~ The advances were, Avoca 
(the oldest) 9 Woodstock! Otarama t Blackwater, and Poulter .. 
During the Avoca advance, ice probably reached as far east as 
Sheffield.. The Woodstock and otarama advances extended almost 
to the plains (Fig 30l) 8 but the Blackwater advance stopped 
about ten miles further inland.. The Poulter advance was limited 
to the main valley, and the Poulter valley. 
The glaciers did not turn curves as sharply as rivers, but 
tended to plane off irregularities on the valley walls, and 
truncate protruding spurs and slopese The material that was 
plucked and scoured from the rock mass was carried by the glacier 
and released when the ice melted" When the rate of ice melt 
and glacier flow was steadY9 the ice front remained in one position 
and rock debris accumulated in hummocky ridges or moraines. 
The withdrawal of the glacier left steep-sided mountains 
and morainic deposits~ Both abound in the areao 
Post-Glacial Activity 
The most recent glacial advance ended about 15,000 years 
ago, and permanent ice is now confined to perched icefields on 
alpine shoulders~ The Crow glacier on Mt. Rolleston, and a 
small glacier at the head of the White river, are the only 
exceptions .. 
The withdrawal of each glacial advance exposed steep slopes 
to the elements of normal erosione Daily temperature changes 
caused an unequal expansion and contraction of the rock mass. 
The greywacke and argillite fragmented along their irregular and 
intersecting joint planes. The alternate freeze and thaw of 
* See appendix 3.1 
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Plate 1 
The Crow Valley and Mt. Rolleston 
Note the steep glacial slopes typical of the upper region of the catchment. 
photo John Pascoe 
Plate 2 
The Esk Valley 
Note the post glacial terraces and fans. The mountain slopes are generally less steep in this 
region of the catchment. 
photo V. C. Browne 
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water held within these joints also assisted in the process of 
disintegration. 
Fragments from the parent rock moved downslope to form a 
talus, scree, or alluvial fan~ While some of the fans and 
screes have been formed since the end of the Poulter advance, 
the majority probably date from the Otira glacial stage. Their 
development has alternated between growth and dissection ;or 
truncation. 
The Origin of the Lakes 
Glacial and post-glacial activity formed the lakes (Gage 
1959) $ Lakes Letitia, Grasmere o Sarah, Marymere, Hawdon and 
Blackwater are primarily glacial in origino whereas Lakes Pearson, 
Lyndon and Minchin have been formed by post-glacial events. 
3.2 LITHOLOGY OF THE CATCP~ENT 
Sheet lSdf, the Gedlog:j..cal map' of New Zealano. shows ,that the 
Wairriakariricatchme.nt: i.s (excluding river beds and lakes): 
80%:- Strongly indurated, mostly graded bedded greywacke and 
argillite with beds of basic volcanics with associated 
sediments! rare limestone and conglomerate. 
15%:- Morainic deposits; glacial outwash deposits; Kame terrace 
deposits; local fansj river gravels! sands and siltso 
The formations have been derived from greywacke and argil-
lite and are mapped as either Springstono st& Bernard, 
Burnham, Windwhistle! or Hororata formations. 
5%~- Tertiary sediments with volcanic intrusives. 
The most common rocks are the strongly indurated greywackes 
and argillites u which cover 80% of the area~ Greywacke is a 
sandstone which has been thoroughly welded and cemented into a 
hard, compact rock. It contains more feldspar than other sand 
wackes. Similarlyo argillite is a siltstone or mudstone, and 
often occurs as strata throughout the greywacke rock mass. 
The fracture system of argillite is of finer texture than 
greywacke and because of this these strata are more easily eroded. 
Examples of the different rates of weathering of the two rocks can 
be founde 
Talus and scree slopes are produced from the disintegration 
of the basement rocke On the Craigieburn Range, OULoughlin 
(pers. comm~} identified nine types of scree and rock waste 
deposits, and considered each from the plant growth point of view. 
His classification was based on location, origino geomorphic 
features and physical properties. He concluded that it was 
difficult to assess the relative importance of the physical pro-
perties to plant growth, as these effects were complicated by 
deep freezing in winter, drying of the upper horizons in summer 
and scree mobility. 
Fisher (1952) found that most screes lay approximately 320 
above the horizontal and that only coarse rock, and debris entering 
11 
vegetation reached the steeper angles of 40-4So e He found that; 
Slopes up to 290 were usually the consolidated fell-field debris, 
with little vegetation~ 
Slopes up to 330 were usually the largest mountain-side screes. 
Slopes up to 360 were usually small screes inside stable areas 
of vegetation~ 
o Slopes up to 41 were usually the accelerated screes entering 
vegetation~ 
o Slopes up to 55 were the erosion runnels with much clay present~ 
The formations derived from greywacke and argillite form an 
important 15% of the areao For the most part they are relatively 
stable sites and on account of their lower altitude! have a more 
favourable climate than the hills and mountains$ Their location 
makes them attractive for pastoral usage 0 In general they 'have 
fewer problems of slope stability, but some areas are affected by 
lateral erosion of the river bank! colluvial deposition, and 
flooding" 
The five percent of land not formed from greywacke and its 
derivatives is found in the Castle Hill basin, and as small 
outliers in the Esk Valley where Cretaceous and Tertiary sediments 
have been preserved in fault angles0 These consist of calcareous 
gravels, gravels, sands, marls, limestones" greensands, clays and 
conglomerates with coal and volcanic tuffs~ outcrops of lime-
stone form marked escarpments and hills on the floor of the Castle 
Hill basino 
A considerable amount of the geolocial investigation in the 
area has been centred on there tertiary sediments (Gage 1956" 
Gair 1962, Grindley 1951, Speight 1917, 1919 6 1935, willow 1956). 
303 FAULT ZONES AND EARTHQUAKE RISK 
The area is tectonically active, and severe earthquakes can 
oqcur 9t any time" Sheet 1'8 (Geological map of New, Ze'ala,nd) shows 
that the, at~a isfrans~~rs~d by four maj6ifault zones: ' the P6rter's 
Pass" Torlesse, Esk and H~rpei faults. in addition th~ Kelli and 
Hope faults adj.oirithe' west,e'rn boundary of the catchment. 
Three major destructive earthquakes have shaken the catchment 
since European settlement" In 1888 a major earthquake was 
associated with up to eight feet of movement in the Hope Fault. 
The area was shaken in 1901 by the severe Cheviot earthquake and 
again in 1929 by the ArthurDs Pass earthquake which had its 
epicentre near the Hope Faulto Speight (1933) recorded the 
destructive effects of the latter earthquake and located the most 
seriously affected area (Fig 3®2) " Vegetation and soil were 
stripped from the mountain slopes, blocking river channels and 
ponding small lakes (plate 3) 0 
3.4 ECONOMIC GEOLOGY 
Coal formerly mined at Avoca is now of no importance. Thin 
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low rank lignite seams of no economic importance occur in the Pareora 
and Southland series near Castle Hill, and in the Kowai Gravels. 
Gravel from the riverbeds provides an inexhaustible supply of 
high quality concrete aggregate and road metale 
Limestone was once quarried from Castle Hill, but is now 
obtained from a site near the Porter river, where 20,000 tons are 
quarried annually for agricultural usee 
305 TOPOGRAPHY AND SLOPE STABILITY 
As the steep mountain slopes were eroded soil formation and 
plant colonisation begani at first on the more stable slopes, 
spreading eventually to critically steep areas. This soil-
vegetation mantle inhibited further erosion by reducing climatic 
extremes at the eroding surface. However i although a vegetative 
cover generally retarded erosion, it did not altogether stop it. 
The precarious balance which existed between stability and in-
stability on steep slopes was often upset by cataclysmic storms, 
fire or earthquakes. Occasionally the mountain slopes were 
stripped of soil and vegetation, and the underlying rock was again 
exposed to elements of erosiono 
At present a large proportion of the Waimakariri catchment 
is in a delicate state of equilibrium. Therefore, any disturbing 
factor such as an earthquake, is liable to initiate a new cycle 
of erosion., 
strange (1850) records that on 8 March 1849, he climbed the 
Torlesse Range~- liThe sight that met my view was very singular 
and wild u whole sides of mountains appeared to have slipped into 
the immense gullies below, while immense blocks of rock had been 
precipitated, cutting their way through the black birch trees 
which line the gullies and carrying everything with them .. " 
Strange attributed this damage to the Wellington earthquake of 
1848, but in the light of current ecological knowledge this is 
questionablee It is more probable that the dama.ge Strange 
observed was caused by pre-European burning (Molloyu section 7.7), 
associated with high intensity storms, or earthquakes within the 
catchment 3 Although his interpretation may not be correct, 
the description that strange provides of the catchment in 1849 
is most useful in providing a better understanding of the basically 
unstable nature of this country * 
Plate 3 
Plate 4 
Natural erosion in Thomson Creek 
(Poulter catchment) caused by the 
7929 Arthur's Pass earthquake. 
photo P. Wardle 
Natural erosion on the east face of Fog Peak (Torlesse Range). The gullies were caused by 
a high intensity storm, April 7957. 
CHAPTER 4. 
CLIMATE 
4.1 CLIMATE RECORDING 
climatic records have been kept by: 
(1) The North Canterbury Catchment Board, whose records include 
some data obtained by the Waimakariri River Trust. \., 
(2) The New Zealand Forest Service, who started a' climate study 
in 1960 to provide data for part of the Craigieburn Range. 
(3) The Canterbury UniversitY8 who have kept rainfall records 
from Cass since 1917, and temperature records since 1960. 
(4) Runholders and farmers. 
(5) New Zealand Meteorological Service~ 
4e2 WIND 
Prevailing winds from the west and north west are a dis-
tinguishing feature of the catchment. Morris (1965) notes that 
rainfall in the western part of the catchment is usually associated 
with these windse In the east of the catchment and on the 
Canterbury plains this norfi west wind is warm and dry, and com-
parable to the chinook of North America and the f~hn of Europe~ 
It prevents the formation of an overwinter protective mantle of 
snow at mid and low altitudes and contributes to wind erosion. 
A limited number of Canterbury University recordings "at Cass 
indicate that of each ten dayse wind directions are; 
2~ days calm 
5 days from the northwesterly quarter 
l~ days from an easterly quarter 
l~ days from a southerly quarter 
Recorded wind speeds at 4,600 a in the Craigieburn Forest have 
ranged from an average daily speed of 3&8 miles per hour in April 
to 603 miles per hour in November& (This gauge was not installed at 
standard height) e 
4 .. 3 PRECIPITATION 
Fig 4el shows the annual distribution of precipitation 
within the catchment, and Fig 4~2 indicates the distribution from 
one nor~westerly storme A comparison of these two figures 
suggests that precipitation from the north westerly quarter is 
primarily responsible for the precipitation pattern in the catch-
ment" 
Table 401 has been derived from Fig 4.2 and indicates that 
for this storm about 60% of the total rainfall fell on about 
30% of the catchmentG 
From Figs 4.1 and 4~2 it is evident that precipitation varies 
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TABLE 4.1 
Weighted precipitation in the Waimakariri Catchment for 
the storm on 26-7th December, 1957 
Precipitation Area % of Area Av. pre- % weight- % of total 
inches sq.miles cipitation ed preci- catchment 
inches pitation precipita-
(A) (B) = A x B tion 
100 
10 50 5.5 12.0 0.7 12 
8-10 265 29.3 9.0 2.6 45 
5-8 173 19.1 6 .. 5 1.2 21 
4-5 43 4.8 4.5 0.2 3~ 
3-4 72 8.0 3.5 0.3 5 
2-3 76 8.4 2.5 0.2 3~ 
1-2 173 19.1 1.5 0.3 5 
less than 1 52 5.8 0.5 0.3 5 
904 100 5.8 100 
sq.mi1es % % 
TABLE 4.2 
Annual Precipitation at Stations in Craigieburn Forest, 
(Morris 1965) 
Station Elevation Annual Precipitation in Inches 
Designation in feet 
m.s.lo 1961 1962 1963 3 yr aVe 
Lyndon 2,650 53.2 58.1 62.8 58.0 
Nursery Hill 3,000 59.5 62.6 58.7 60.3 
Alan's 4,000 75.6 73.6 73.3 74.2 
11 4,000 79.5 82.2 79.9 80.5 
Ski Basin 5,000 75.9 70.8 72.8 73.2 
5 5,000 77.0 77.1 80.7 78.3 
7 5,000 73.1 71.6 72.1 72.3 
Station Elev. 
in ft 
mGs.l. 
TABLE 4.3 
Monthly Precipitation at Selected Stations within or near the Upper Waimakariri 
Catchment 
Period of 
Record 
Used JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN .. 
Arthur's Pass* 2,200 1923-49,1951- 13.36 15.53 11 .. 16 14.28 13 .. 36 11.49 
57, 1959-60 
9.97 11.13 13.73 16.55 15 .. 13 14.35 160.04 
Bealey 1916-18,1925-
26, 1928-36 
5.04 3.72 4.84 5.17 4.84 5.01 4.58 5.13 4.87 6.61 4,,53 4.80 59.14 
Poulter Hill 2,400 1960-62 10.57 
3077 
8 .. 50 
4.18 
3.11 
9.40 
3.07 
3.21 
8.53 12.51 10.93 11.50 7076 12.10 13.30 12.44 5.26 122.80 
Grasmere 
Mt. White 
~igger Hill 
, Esk 
Flock Hill 
Craigieburn 
Station 
2,000 
2,000 1923, 1926- 3033 
34, 1936-46 
2,400 1960-63 2.52 
2,000 1923-46 r 1950 4028 
1,840 1923-43, 1945, 3.25 
1957 
Craigieburn For.3,000 1961-63 
(Nursery Hill) 
3.70 
Mt~ Torlesse 
Oxford 
1,200 1924-60 
850 1922-60 
3.80 
3045 
2.7.8 
3.92 
2 .. 65 
3.63 
3.28 
3.07 
2.65 
3031 
2036 
3.50 
3.25 
3.48 
4 .. 43 
3023 
3.08 
4031 
3.10 
5.37 
3 .. 55 
3.16 
4 .. 47 
3.62 
4 .. 06 
5.15 
3.63 
6.67 
3.14 
3.54 
4.26 
3.06 
4.78 
4.25 
2.71 
6.03 
2.94 
2.92 
3.35 
3.51 
4.82 
3097 
3001 
6.37 
2.84 
2.99 
4 .. 32 
3.60 
3052 
4.37 
3.38 
3.63 
3 .. 38 
3.22 
4.10 
3063 
4.48 
4.79 
3.38 
6.83 
3.08 
3.05 
4.94 
3.44 
2.55 
5.19 
3 .. 60 
3093 
4.23 
3.80 
4 .. 20 
3034 
3.62 
3.97 
3.23 
7.16 
3.62 
3.38 
4.38 
3.39 
2003 
4.83 
3042 
3.43 
4.36 
4038 
Note~ Only years with complete record used in this summarisation. Summary derived from Canterbury Catchment Board, the 
New Zealand Forest and Range Experiment StatioL and New Zealand Meteorological Service data. 
* Using recent data from a relocated gauge the average annual value is approximately 180 inches. 
used by the North Canterbury catchment Board ... 
This value is now 
49.47 
40.47 
40.,89 
52 .. 34 
37072 
60.25 
41047 
40044 
... 
\D 
20 
with al-titude and the locality in relation to -the Main Divide. 
Altitude 
Table 4.2 shows that the average annual precipitation increases 
with altitude. 
Location 
The average monthly and annual precipitation for 11 selected 
sites within and around the catchment is shown in Table 4.3. 
The location of these sites is shown in Fig 4 .. 1. ' 
The II rain shadow" effect of the Southern Alps is shown by 
the abrupt drop from 180 inches precipitation per annum at 
ArthurUs Pass to 59 inches per annum at Bea1ey. These stations 
are six miles apart. 
The minimum average precipitation recorded in the catchment 
is 36.7 inches at Craigieburn Station. 
Fig 4,,3 shows the monthly variation in precipitation for six 
stations within the catchment. with the exception of Arthur1s 
Pass the rainfall appears to be evenly spread throughout the year. 
4e3.2 Rainfall Intensity 
Rainfall intensities in the basin are moderate to high. 
Hig'h intensity c short duration rainfalls! associated with con-
vection storms are rare, but moderate to high intensity, long 
duration storms are fairly common e For example g Morris (o,p,. c,i.t,"') 
noted in May 1964 the following intensities at Nursery Hil~ 
Inches of rainfall Hours 
1 4 
2 8 
3 12 
5 24 
8,,8 96 
At high altitudes and near the Main Divide c high intensity 
precipitation is generally associated with norOwest storms. 
Table 4 .. 4 shows the maximum expected intensity for selected times 
and stations! for two year and twenty year intervals. 
4.3 .. 3 Snow 
Morris and 06Loughlin (1965) have shown that at 5,000' on 
the Craigieburn Range approximately 30% of the annual precipi-
tation occurs as snow" Below this, the importance of snowfall 
diminishes rapidlYe At 4,700 6 only 20% of the total precipitation 
is snow" Most snowfalls are due to northwest, west or southwest 
storms .. 
Snow cover above 5,000° is virtually continuous from May 
to November with maximum depths occurring in mid September and 
early October" Depths seldom exceed ten feet on the steep 
mountains u but on the relatively flat floors of the high cirques, 
depths over 15 to 20 feet have been noted. 
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3 The densities of freshly fallen snow vary from 0.11 grn/cm to 
3 3 0.20 grn/cm with an average of about 0.15 grn/cm. The lower end 
of the range approaches European and North American values. 
Densities are heavier because of the rela·tively warmer winters and 
the periods of warm weather between snowfalls. 
The warm weather of spring, and in particular the nor' west 
winds, induce rapid thaws from September ·to November. 
TA.BLE 4.4 
Maximum Anticipated Rainfall Intensities for Selected Times 
and Selected Stations for 2-year and 20-year Intervals. 
Derived from Robertson (1963) 
24 hours 48 hours 72 hours 
Station 
Arthur's Pass 
Bealey 
Flock Hill 
Mt .. White 
Mt. Torlesse 
Oxford 
Christchurch 
Years of 
Record 
32 
62 
26 
28 
37 
42 
77 
Recurrence Interval in Yea.:cs 
2 20 2 20 2 
Rainfall in Inches 
8.7 14.8 11.0 20.7 12.0 
3.9 7.5 4 .. 4 8.2 4.9 
3.2 5.7 3.6 6.3 4.1 
2~5 4.6 3.1 5.3 3.4 
2.6 4.8 3.1 6.5 3.5 
2~7 5.0 3.5 6.7 3.9 
2.1 3.9 2.7 5.3 2.9 
TABLE 4.5 
Summary of 1961-1963 Average annual and absolute maximum 
and minimum air temperatures at craigieburn Forest 
(after Morris 1965) 
Absolute 0 Average Ann. Values F 
Station Elevation '0 Maximum Minimum Temperature F 
Lyndon 2,650 46.7 86 12 
Nursery Hill 3 8 000 46.4 86 16 
Jacks Pass 3,000 45.4 82 20 
Car Park 3,500 43.0 78 18 
Alans Bush 4,000 42.7 78 17 
Alans 4,000 41.7 84 15 
White Star Bush 4,400 41.2 74 16 
White Star 4,500 41.9 77 15 
Camp Stream 4,600 42.3 77 14 
Ski Basin 5,000 39.0 72 11 
Nervous Knob 6,000 35.7 72 6 
20 
22.0 
8.8 
7.2 
5.6 
7.3 
7.8 
5.9 
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4.4 TEMPERATURE 
Fig 4~4 shows monthly averages for maximum, average and 
minimum temperatures for two stations in the Craigieburn Forest. 
By comparison the average monthly temperature at Christchurch is 
from three to eight degrees warmer than at Nursery Hill. 
Air temperatures for eleven stations in the Craigieburn 
Forest indicate a normal decrease in temperature with increasing 
altitude (Table 4.5) . 
While the range of temperatures is not as great as in con-
tinental climates, diurnal variations may be quite large, and 
frosts may occur in any monthe Table 4.6 indicates that with 
increasing altitude, climatic conditions become more rigorous. 
A.s a result plant establishment and survival become more difficult. 
TABLE 4.6 
Frost free days at four stations in the Craigieburn Forest 
(after Morris 1965) 
Station Elevation in Average Range of 
(Craigieburn Forest) feet m.s.l. Frost-free days Frost-free days 
Nursery Hill ~,OOO 115 82-138 
Camp Stream 4,600 60 52-69 
White Star 4,500 44 25-56 
Ski Basin 5 0 000 37 25-56 
The growing season is generally accepted as the period in which 
the mean temperature exceeds 420 F (6oC). Morris (op.cit.) estimates 
that at 4,~00! in the Craigieburn Forest, the growing season is in 
the order of 120 days. However, with fairly severe frosts in 
November and December of most years, the period of growth may be 
split in two. In introduced conifers the first flush of growth 
is cut back in November or early December. The new growth from 
dormant buds seldom has time to mature before it is cut back by 
autumn frosts. 
The frequent freeze and thaw at the ground surface, particu-
larly on sunny faces, prevents the formation of a continuous over-
winter snow cover~ Consequently the ground is exposed to the 
elements of erosion 8 particularly frost and wind. 
Temperature is therefore an important factor in the problems 
of erosion and revegetation in the catchment. 
4,,5 EVAPORATION 
Short term measurements with an evaporation pan at 3,000' in 
the craigieburn Forest indicate an annual potential evaporation 
of 30-40 ~nches& 
Finkelstein (1961) found comparable values for Methven, 
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Darfield and Lindoln. Precipitation exceeds potential evaporation 
in much of the upper basin. 
4.6 HUMIDITY 
At Craigieburn, relative humidity is estimated at over 50% 
for much of the time. Values of 20 to 30% are common during 
nor' west winds, but values less than this are relatively r&re. 
CHAPTER 5 .. 
SOILS 
5.1 SURVEY AND MAPPING 
Soil Bureau bulletin No. 27 (in prep.) describes and maps 
the soils on a scale of four miles to one inch. The basic unit 
of this bulletin is the soil set which shows the general relation-
ship of soils to landforms & This information is adequate for a 
catchment study but not for a more detailed study of individual 
farms or runs. 
The soil set is a grouping of soils with like profiles, and 
which ignores small areas of dissimilarity. As Holloway et al 
(1962) noted distinct differences in the physical features of 
soils within one set, they should not be used beyond their in-
tended purpose (iee& a regional study of soils and landforms) . 
The more detailed information needed for property studies 
can be obtained from Fig 1601 (Land Capability) and from Soil 
Bureau surveys of the Broken River Catchment, Cass basin, and 
part of the Esk Valleye 
THE SOIL SETS OF THE WAlMAKARIRI CATCHMENT 
5.2 DISTRIBUTION 
Fig 5&1 shows the distribution of the soils of the catch-
ment on a scale of four miles to one inch. Fig 5.2 shows 
these soils in relation to landforms along a transect from Temple 
Peak to the Kowai River .. 
The genetic classification of these soils, and the relative 
area that each occupies is shown in Table 5.1. 
Table 5.2 shows a topographic grouping of the soils of the 
catchment .. 
TABLE 5.2 
Topographic grouping of the soil sets found within the 
Waimakariri Catchment 
Soils of the flood plains 1.8% approx. 10,400 ac. 
Soils of the terraces 5 .. 3% II 30,650 II 
Soils of the rolling lands and hills 9.4% " 54,400 II 
Soils of the steeplands 70&4% II 407,300 " 
Lithosols, bare rock and ice 8.6% II 49,750 " 
Riverbeds and lakes 4 .. 5% II 25,950 " 
100% 578,450 
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TABLE 5,,1 
Soil sets found in the Waimakariri Catchment 
Yellow-grey to yellow-brown earth intergrade 
Hygrous on terrace la'nds and fans 
Ashwick 
on rolling lands and hills 
Kakahu 
Lowland yellow-brown earths 
Hygrous on terrace lands and fans 
Stave ley 
on rolling lands and hills 
Alford Forest 
on steeplands and hills 
Hurunui hill ~:.; 
\, 
Upland and high country yel1,ow-brown earths 
Hygrous on terrace lartds and fans 
Craigieburn 
Mesopotamia 
on rolling lands and hills 
Cass 
Cass hill 
Avoca 
Avoca hill 
Katrine 
Puketeraki 
complex on rolling and steepland 
Cass plus Kaikoura 
on steeplands and hills 
Kaikoura 
Tekoa 
Bealey 
Bealey hill 
Spenser 
1.0% 
0.5% 
1.0% 
0.2% 
1.0% 
2.9% 
0.2% 
2 .. 2% 
1.4% 
0.2% 
0.5% 
3 .. 0% 
0 .. 4% 
0.4% 
10.4% 
13.4% 
19.7% 
0.4% 
17 .. 4% 
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61.3% 
Upland and high country podzolised yellow-brown earths & podzols 
Hygrous to on steeplands and hills 
hydrous Lewis 8.5% 8 $ 5% 
Rendzina and related soils 
Hygrous on rolling lands and hills 
Recent soils 
Castle: " .: 
on terraces from loess 
Kowai 
0.2% 
0 .. 2% 
on flood plains and young fans from alluvium 
Tasman 1.8% 2.0% 
Alpine steepland 
Alpine 4 .. 9% 
Alpine steepland & high country yellow-brown earths on steepland 
complex 
Alpine and Spenser 
Riverbed and lakes 
TOTAL AREA = 578 N 450 acres 100% 
8.6% 
4.5% 
100% 
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5.3 SOIL CHEMISTRY 
Appendix 5.2 gives chemical analyses of soil at one site, 
for each soil set found within the catchment.. Ratings for 
some of these analyses are given in Appendix 5.3. This in-
formation is of little value in assessing fertility, but indicates 
in a general way, the relative levels of the main plant nutrients. 
with a few exceptions, the soils have poor supplies of the essen-
tial.plant nutrients.. Reserves of nutrients held as unweathered 
minerals in the parent rock are apparently quite resistant to 
further weathering in th-is environment. 
An important characteristic of these soils is the sharp fall 
in nutrient status down the profile. Where erosion has removed 
the topsoilu the infertile subsoil provides a poor medium for 
plant growth~ 
.Eli 
with few exceptions, soils in the catchment are moderately 
to strongly acid$ Recent soils (e$g8 Kowai) tend to be only 
slightly acid, and older soils which have been severely leached 
of bases (e8gs Lewis) tend to be extremely acid. 
Organic matter 
The percentage of organic matter in most topsoils is medium 
to low# but the Carbon/Nitrogen ratio is in general high to 
medium & This suggests that the organic matter in most of the 
soils is comparatively raw and undecomposed. 
cation exchange capacity 
Topsoil cation exchange capacity values are high to medium. 
In the subsoil, values range from high to very low, with most 
being medium to low. 
Total exchangeable bases 
In general, topsoil values are low to medium with some soils 
(esg. Spenser) in the very low range. Subsoil values are con-
sistently very low to low. 
Percentage base saturation 
Topsoil values are in general low, but medium values are 
found in the Staveley and Kakahu soils, and very low values are 
found in the Spenser and Lewis soils8 
In the subsoils, values are very low with only a few soils 
in the low to medium range. 
Exchangeable calcium 
Topsoil values are medium to lowo to very low. In the 
subsoil, levels are very low to lowe Values are lowest in the 
Spenser soils and presumably highest in the limestone-derived 
castle soils. 
Exchangeable magnesium 
Values are medium to low in topsoils, and very low to low in 
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most subsoils 0 (Subsoil values for Kakahu 6 Hurunui and Tasman 
soils are medium) ~ 
Exchangeable potassium 
Potassium levels in the topsoils are medium to high with a 
few soils in the very high range (e .. g .. Staveley, Tasman, Cass). 
In the subsoil levels are generally very low~ While values 
for reserve potassium have been determined for a few soils only, 
the indications are that these are adequate .. 
Exchangeable sodium 
Values are low to very low in both topsoils and subsoils .. 
Phosphorus 
The ° available ! phosphate in the topsoils is medium to low 
and in the subsoils low to very low.. Walker and Adams (1958) 
showed that in weakly weathered soils p total soil phosphorus 
decreases with increased leaching and that more of the soil 
phosphate is in the organic form.. Organic phosphorus is largely 
unavailable to plants, so available phosphorus falls sharply with 
increased rainfall .. 
Sulphur 
Although soil sulphur is not included in appendix 5.2, 
append:ixIS ;,:.1;' indicates ·'that.availalble· 'Sulphur: is: inadequate' in 
most, if n6t all soils. 
Podzolisation 
Katrine, Tekoa, Bealey, Spenser and Lewis soils demonstrate 
varying degrees of podzolisation" These soils have developed 
under an acid Ii tter t1 and have a characteri'stic sequence of 
horizons.. Where the vegetative cover has been changed (e.g. some 
Tekoa soils previously under beech forest) humic staining may 
have obliterated the bleached A2 horizon~ The topsoil of a 
podzol is a relatively inert medium for plant growth and this is 
indicated in the chemical analyses of these soilss 
5 .. 4 SOIL PHYSICS 
Appendix 504 shows the physical analyses of some soils found 
within the catchment, and appendix 5 .. 5 gives possible ratings 
for these analyses~ These physical characteristics are important 
in considering future land use for the catchment and it is un-
fortunate that comparatively little information is available. 
The analyses do indicate, however, that subsoil has a 
lower ultimate infiltration capacity than topsoil and that it is 
more susceptible to erosion (particularly by water) .. 
Texture 
Dunn and Lyford (1946) suggested that texture (per se) had 
little effect on plant growthe However u two aspects are important. 
(a) Stones dilute the soil and reduce its moisture 
storage capacity~ 
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(b) A high proportion of sand in a profile indicates that 
the soil is accumulating and/or that it is weakly 
weathered~ 
At low altitudes, topsoil textures are generally silt loams 
but with increasing altitude o they become sandy loams or loamy 
sands 0 Subsoil textures are generally silt loams. Angular 
rock fragments exist in most profiles and topsoils are frequently 
described as °with stones B while subsoils are described as stony. 
Clays are slippery rather than sticky~ 
Structure 
On the soils of the terraces and plains, topsoil structures 
are generally granular or crumb # and are friable~ Subsoil 
structures are weakly to moderately developed nut or blockye 
On the soils of the rolling lands and hills, topsoil 
structures are generally moderately developed crumb, and are 
friable~ Subsoil structures are generally blockyQ 
On the soils of the steeplands, topsoil structures are in 
general crumb to granulare Subsoil structures are in general 
blocky to nutty~ 
In all soils the aggregates tend to be easily pulverised, 
and their destruction is more easily achieved than their recon-
struction. Examples of aggregate destruction can be observed 
in the catchment, particularly at higher altitudes. 
Bulk Density 
McDonald (1961) considered that bulk densities greater than 
1.3 gm!cm3 in medium and fine textures soils, and 1.6 gm!cm3 in 
sandy soils would be detrimental to plant growths 
Values for Kaikoura soils become heavier in the subsoil but 
are within the limits set by McDonaldo 
Macroporosity 
Macroporosity tends to indicate aeration and water movement 
properties of a soile and high values are desirable. 
Values shown in appendix 5~4 are good but fall sharply down 
the profiles Gillingham (1964) showed that after 15 years of 
retirement from grazing, macroporosity values for a Tekoa soil 
increased, although the increase was not significant~ 
Aggregate Stability 
As the results of aggregate stability vary with the methods 
used~ it is not wise to compare values of different researchers 0 
Results do show, however, that in all soils studied, aggregate 
stability is lower in 'the subsoil than in the topsoil~ 
5.5 MOISTURE RELATIONS 
In general soil moisture relations are favourable for plant 
growth~ 
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Infiltration 
Gillingham (oP." .. <;:!.i.t ... ) found on a Tekoa soil significant 
correlation between ultimate infiltration capacity and percentage 
of aggregates and percentage macroporosity.. Therefore any 
factor which alters the percentage of aggregates or macroporosity 
also alters the infiltration capacitye 
Drainage 
Spensero Lewis and some Tasman soils show signs of impeded 
drainagee For most other soils drainage is good .. 
Available moisture 
Available moisture ratings for three Kaikoura soils were 
medium to high .. 
5 .. 6 SOIL BIOLOGY 
5.6~1 Soil animals 
Earthworms 
Lee (1958) found the introduced earthworms Allolobophora 
caliginosa in very low numbers in a Tekoa soil under fescue tussock 
near Bealey.. Indigenous species were also found in adjacent 
areas of bush and under snow tussock at Porter's Pass .. 
In general o undisturbed weakly weathered yellow-brown earths 
support fair earthworm populations (Lee 1959) ~ The sub-moderately 
we'athered yellow-brown earths support somewhat better populations. 
Depleted land is not usually a good environment for earthworms 
andu if cover is sparse, they will only be found under individual 
plants .. 
Lee (op_ cit.~) found 25 species of indigenous earthworms in 
soils similar to those of the Waimakariri catchment. Twenty-
one of these species are found in bush soils~ Of the four 
species found in the tussock grasslands two have a restricted 
distribution u so only Eodrilus annectens and Octochaetus 
antarcticus are likely to be found in the Waimakariri grassland 
soils .. 
Protozoa 
stout (1958b~ 196Gb) identified 32 species of protozoa fro~ 
a Tekoa soil. In general protozoa are predators on bacteria 
and their role in the soil is little understood .. 
Nematodes~ mites, spiders, millipedes, centipedes 
The~is no published information about these. 
5 .. 6 .. 2 Bacteria 
The numbers and types of bacteria in Cass*, Tekoa and Craigie-
/ 
*Redefined as Craigieburn 
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burn soils have been studied by Stout (l958a, 1960a), Ross (1958 
a;& b, 1960 a & b) and Robinson (1962). These authors obtained 
different results, due apparently to the different methods used 
in assessing the microbial populations. The ~ctivities of some 
species of bacteria with respect to the nitrogen status of these 
soils have been commented on, but here again different opinions 
have been expressed. 
5 .. 6 .. 3 Fungi 
Thornton (1958b) identified 37 species of fungi and di Menna 
(1958) identified seven species of yeasts, in a Tekoa soil. In 
a Cass (redefined as Craigieburn). soi1di Menna (1960) found that 
numbers built up to a peak in summer, and that if tussock grass-
lands were converted to pasture the numbers did not alter greatly, 
but the species changed. 
5.6.4 Algae 
Flint (1958) found extremely low numbers of algae in a Tekoa 
soil.. Their role appears to be insignificant. 
'--"\ 
CHAPTER 6 .. 
EROSlON 
Prick.ett, and Howard (in prep.) have mapped the type and 
severity of erosion within the catchment. '>':~,Tabl,e'7 6/~~ ",shows 
~r,osiori "within: six t6pographi:c cl:as'se~ ,.' "and that, ,nearly 50% 
of the ca;cchmen,t is, sev:erelY,',or, extrem~ly ,'eroded:. ' , .,' , ' 
Erosion patterns 
It is first necessary to distinguish be'tween natural (or 
geological) and induced (or accelerated) erosion. Gleason 
(1953) noted that II Geological erosion is generally recognised as 
the gradual wearing away of the land surface by the action of 
water~ windpand gravity .. under natural conditions,,!! Induced 
erosion is the result of an onunnatural!l factor in the environ-
ment .. 
In this catchment natural erosion was active in the glacial, 
and the earlier post-glacial period. It is now restricted to 
the comparatively small (4 .. 6%) but spectacular portion of the 
catchment above 5,500 feet., However, ocqasional examples are 
found at lower altitudes (plates 3 and 4) e 
Induced erosion probably started with Polynesian occupation 
(pag'es 617"67) and has been the dominant form since" In this 
catchment there are five forms of induced erosion .. 
6~1 WIND EROSION 
The severity of wind erosion depends on: wind velocity 
and turbulencei plant covero·and the stability and size of 
the soil aggregateso 
In this catchment the potential for wind erosion is con-
siderable because: the mountains and valleys produce localised 
areas of high wind velocity and turbulence: the plant cover is 
discontinuous over much of the area& with about 50% of the catch-
ment showing more than 20% bareground; soil structures are weak, 
and easily pulverised~ 
6,,2 SHEET EROSION 
Sheet (or splash) erosion is the dominant form of induced 
erosion (Table 6~1) .. and is a continuing problem on the extensive 
areas of exposed subsoil~ The severity of sheet erosion is 
determined by~ precipitation, plant covere slope and the pro-
portion of water-stable aggregates in the profile. 
Rainfall and rainfall intensities are moderate to high, and 
plant cover is discontinuous over most of the area., Slopes are 
steep to very steep_ Dunbar (et al 1956) found that, in the 
Broken River catchment, slope was the most important physical 
factor affecting plant d,ensity and soil stability.. In the high 
country yellow-brown earths the proportion of water-stable 
aggregates decreases with depth in the profile (McDonald 1961, 
Molloy 1964, Gillingham 1964) . Gradwe11 (1962) suggested that 
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CLASS Main type 
of land 
1. Flat to 
undulating 
2. Rolling 
3. Steep to very 
steep 
.4 . "Forested land 
Sa. Below 4,000' 1 
5b. Above 4,000' } 
6. Alpine, above 
5,500' 
River bed and 
lakes 
TABLE 6.1 
Area and severity of erosion within six topographic classes 
(Prickett and Howard in prep.) 
Main type 
of erosion 
wind. 
wind & sheet 
sheet 
unclassified 
scree, gully sheet 
&wind-in:various 
combinations 
geological 
TOTALS 
slight to moderate 
20% bare ground 
1,000 
acres 
45.3 
19.8 
60.5 
125.6 
% of 
catchment 
7.B 
3.4 
10.4 
21.6 
EROSION 
severe 
20-40% bare ground 
1,000 
acre'S 
1.8 
1.5 
'62.3 
43.5 
109.1 
% 'Of 
. catchment 
0.3 
0.3 
10.B 
7.5 
IB.9 
extreme 
40% bare ground 
1,000 
acres 
37.1 
93.5 
26.5 
157.1 
% of 
catchment 
6.4 
l6.2 
4.6 
27.2 
TOTAL 
1,000 %of 
acres catchment 
47.1 8.1 
21.3 3.7 
122.8 21.2 
160.7 27.8 
37.1 6.4 
137.0 23.7 
26.5 4.6 
26.0 4.5 
578.5 100.0 
w 
(j\ 
Plate 5 
Frost lift in the Broken River catchment 
Surface soil and stones have been raised from the soil body by ice needles. 
photo R. D. Dick 
Plate 6 
Frost lift, Broken River Catchment 
The ice needles in Plate 5 have melted and left a layer of detached surface soil. In this state 
it can be removed readily by wind. Note the protective effects of the grasslands. 
photo R. D. Dick 
Plate 7 
Induced sheet and gully erosion on the west face Purple Hill. 
photo R. D. Dick 
Plate 8 
Induced sheet and gully erosion on Constitution Hill. 
photo R. D. Dick 
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because of this!? raindrop ,impact would disperse e,xposed subsoil 
more rapidly than topsoil".' Moist~re storage also decreases with 
depth in the profile so that on exposed subsoil$, soil saturation 
occurs more rapidly, and overland flow commences earlier~ Sheet 
erosion in this area therefore has obvious hydrological impli-
cations", 
6,,3 FROST 
Frost itself does not generally erode soilo but conditions 
it for transportation by wind or water", At 517000 feet in the 
c~aigieburn Range there is an average of only 37 frost-free days 
a year~ This indicates the high potential that exists for 
soil-frost formations to develop" 
Soil-frost assists the erosion processes by; 
10 Decreasing the proportion of water stable aggregates~ 
2" Mechanically loosening the soil surface 0 
3~ Uprooting seedling plantsG 
l~ Dombe and Kohnke ~1955) have shown that the freezing of 
very wet soil will decrease the proportion of water-stable 
aggregates" This results in increased erosion by water and 
wind" 
2" Gradwell (1954) identified four soil-ice formations and 
considered needle ice to be the most disruptive" He noted 
that soil layers from 1/10 to ~ inch were lifted from the ground 
surface by a multitude of ice pillars~ Subsequent ice melt 
left the detached soil on the ground surface~ When this dried, 
it was readily removed by wind or water", Alternatively the 
mechanical action of freeze and thaw could so thoroughly puddle the 
soil that it attained a fluidity at which it moved downhill under 
its own weight" 
30 Under continuous plant cover, adequate litter, or scree, 
ice crystals capable of disrupting the soil are not found~ 
However~ on bare loamy soi1tJ and where needle ice can form, surface 
solI and isolated seedlings are frequently detached from the soil 
body (Gradwell 1960)" That author ~1962> considered that where 
frost heave was a problem o revegetation of eroded soil would 
depend on rapid summer growth producing a closed cover before 
the winter frosts began$ 
6~4 GULLY EROSION 
Gullies occur on most steep slopes Q but are most severe in 
Classes Sa and 5b (Table 601) 0 They are formed by runoff from 
areas of sheet erosion ~plates 7 and 8) or by debris avalanches. 
Generally they are shallow& but where they have cut through 
colluvial and solifluction deposits~ they may be deeper. 
605 SLIP EROSION 
Slip erosion is not common & and is often associated with 
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natural erosion. Many slips can be traced to particular events 
(e.g. the slip on the south face of Fog Peak, plate 4) · 
Plate 9 
Erosion in the alpine grasslands in the Anti Crow catchment. The pedestalled tussock on the 
left indicates that all the soil has been lost from this once stable site. Shattered, exposed 
greywacke is a feature of the higher altitude landscape. . 
photo M. J. Wraight 
CHAPTER 7. 
VEGETATION 
7.1 INTRODUCTION 
The vegetation within the catchment is broadly classed as: 
Grasslands 
Shrub lands 
Forest 
Fell-field o and Herb field 
Within each group one or more plant communities may be 
founde Prickett and Howard (in prep~) have mapped the major 
comnnini·tiesand giveri a'.'pt6vis±o>na.l,'are~ fo.r, each', (Table'7.!). 
Fi-gs 7'el, and 7 ~2' ,sh.ow',th~ "geographic, distribution ,of ,some:of ',', 
the se' " communi t ie S 0: \ , 
The many plants which form these communities have been listed 
by Burrows (1961)" That author listed 773 indigenous 
vascular plants and showed their distribution within eight sub-
areas of the catchment~ His list included three published lists 
of Philipson and Brownlie" (1958):; Laing and Oliver, (l929L: 
Laing and Gourlay, (1934) 0 and two unpublished lists which covered 
the Torlesse and Craigieburn area (Talbot o (1956): Molloy, (1959). 
The altitudinal zones referred to in this chapter are defined 
on page 8" 
TABLE 7 .. 1 
/, 
Area of plant communities {h Waimakariti'c'atdhment, 
GRASSLANDS 
Sown grassland 
Introduced grassland 
Red-tussock grassland 
Short-tussock grassland 
Snow-tussock grassland 
Alpine short-tussock 
grassland 
sub-total 
SCRUBLANDS 
Montane 
Gorse 
Manuka 
Matagouri 
Other (montane) 
Subalpine 
Sub-total 
FOREST 
Acres 
10,000 
3 0 350 
2,550 
156,100 
65 11 850 
7,850 
800 
8,050 
2,900 
4!J100 
70 250 
BARE ROCKe SCREE AND FELL-FIELD 
RIVERBED AND LAKES 
(provi~ional) Prickett & Howard 
·':'{in:~prep) 
Acres 
246,300 
23,100 
167,450 
115,650 
25,950 
578,450 
1 .. 7 
0.6 
0.4 
27.2 
11 .. 4 
~ 
001 
1.4 
0 .. 5 
0.7 
1.3 
42.7 
4.0 
28.9 
19,,9 
4.5 
,100 .. 0 
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Showing plant communities found along a transect from . 
the Poulter River (above Aeroplane Flat) to the 
Cox Ri ver. 
f~~~ :~, 
Plate 70 
Red tussock (Chionochloa rubra) grasslands near Staircase. 
Plate 77 
Depleted fescue tussock (Festuca novae-ze/andiae) grassland, Leith Hill. 
photo R. D. Dick 
7.2 GRASSLANDS 
7~2.1 Lowland and Montane Grasslands 
1 .. 
2 .. 
I@ Sown Grasslands 
2. Introduced Grasslands 
3& Swampland and wet Land Grasslands 
4~ Short tussock Grasslands 
SOWN GRASSLANDS } 
INTRODUCED GRASSLANDS 
These are described in 
section 12,,5 
3~ SWAMPLAND AND WETLAND GRASSLANDS 
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Red tussock (Chionochloa rubra)* communities occupy sites 
of easy topography and impeded drainage~ These may be almost 
pure communities 6 with few inter-tussock species. Frequently, 
however, the inter-tussock spaces are covered by dense mats of 
grasses and herbs o ' characteristic of the surrounding short·· 
tussock grasslands.. (Dunbar o QOConnor and Holmes, l'Q56, Relph, 
1954) 
In the west of the catchment, the bogs and tarn margins are 
dominated by the cushion plants (Oreobolus sp~)~ moss (Sphagnum) 
and sedge (Schoenus paucif1orus) ~ 
4" SHORT-TUSSOCK GR}\SSLANDS 
These have been described by Cockayne and Foweraker (1915), 
Sewell (1947.~ (Cass area) q Relph (opocit,) (Castle Hill area) and 
Dunbar et al., (op"cit",) (Broken River~ 0 Connor (1965) described 
them in the adjacent middle Rakaia Valleye 
These grasslands have probably been induced from tall 
tussock grassland and maintained as such by man (Connor op.q.it.). 
Hard tussock (Festuca novae-zelandiae) is usually the dominant, 
but blue tussock '(Paa colensoi) may be more plentifyl in many 
places (Cockayne and Foweraker o op~cit,) e Silver'tussock (Foa 
caespitosa) is usually restricted to the most favourable sites 
(i~e~ those sites with the best nutrient 'andclimatic status). 
On the wetter sites, red rush (Schoenus pauciflorus) or 
red tussock (Chionochloa rubra) are often dominant. 
Apart from the tussocks the principal grasses are sweet 
vernal (Anthoxanthum odoratum) 6 browntop (Agrostis tenuis), 
Yorkshire fog (Holcus lanatus}8 blue wheat grass (Agropyron 
scabrum) oat-bent (Deyeuxia avenoides) ., Montane scrub plants 
are frequently found as individual plants or thickets. 
*Since Zotov 8 s revision of the genus Danthonia (1963) the tall 
tussocks previously in that genus have been transferred to the 
new genus Chionochloa. However, in this study the former 
name has been retained where there is any uncertainty about the 
new name ,. 
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TABLE 7.2 
Average sward composition of the short, ,tussock grasslands 
in the Broken River Catchment, 1956 
Tussocks Festuca novae-zelandiae 
Poa colensoi 
Poa caespitosa 
Indigenous Agropyron scab rum 
Grasses Deyeuxia avenoides 
11 other species 
Naturalized Agrostis tenuis 
Grasses Anthoxanthum odoratum 
5 other species 
Native plants Raoulia subsericea 
cyothodes fraseri 
Wahlenberg:ia albomarginata 
Gaultheria depressa 
Discaria tournatou 
50 other species 
Naturalized Rumex acetosella 
"other species ll HYEochaeris radicata 
16 other species 
TABLE 7 .. 3 
7.9 
5.6 
1.8. 
3.6 
1.2 
4.7 
14.6 
11.9 
2.1 
4.3 
7.9 
2.7 
1.1 
2.5 
12.6 
4.7 
7.4 
3.4 
15.3 
9.5 
28.6 
31.1 
15.5 
100% 
Average sward composition of the tall tussock grasslands 
in the Broken River catchment, 1956 
Tussocks 
Indigenous 
Grasses 
Naturalized 
Grasses 
Indigenous 
,,'other species ll 
Danthonia flavescens 
Festuca novae-zelandiae 
Poa colensoi 
Poa caespitosa 
Agropyron scab rum 
Deyeuxia avenoides 
9 other species 
Agrostis tenuis 
4 other species 
Raoulia subsericea 
Cyathodes 'fraseri 
Wahlenbergia albomarginata 
Gaultheria depressa 
Celmisia lyall~ 
Celmisia spectabilis 
Lycopodium fastigiatum 
Blechnum penna-marina 
41 other species 
Naturalized Rumex acetosella 
"other species" Hypochaeris radicata 
2 other species 
14.2 
5.3 
11.7 
0.5 
2.7 
1.2 
3.7 
1.2 
1.4 
4.6 
2.6 
1.7 
4.9 
8.0 
4.9 
2.2 
2.1 
20 .. 5 
4.7 
1.1 
1.1 
31.4 
7.6 
2.6 
51.5 
6.9 
100% 
Plate 12 
Snow tussock (Chionochfoa flavescens) and hard tussock (Festuca novae-ze/andiae) grasslands, 
Leith Hill. 
photo R. D. Dick 
Plate 13 
Alpine grasslands in the Jordan basin. Jordan Saddle to the left. 
photo M. J. Wraight 
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Dunbar et als (oPecit.) determined the average sward composi-
tion of the short··tussock grasslands in the Broken River catchment" 
Their determinations were based on presences within a % inch 
diameter ring at 100 sites along a line transect. The results 
from 56 transects have been averaged, and are shown in Table 7.2. 
Connor (op.cit.) identified four phases of the short-tussock 
grasslands in the middle Rakaia valley. They are described in 
Appendix 7~lo 
Connor and MacRae (in press) described a small, almost 
unique area of needle-grass (Poa acicularifolia) mat grassland 
in the castle Hill areae 
7.2.2 Grasslands of the upper montane and alpine zones 
These have been 'described by Relph (op~cit.) (Castle Hill) I 
Molloy (1962) (Torlesse Range) 0 Connor and MacRae (op~cit.). 
Dunbar et al .. (oPecit~) described the snow-tussock grasslands in 
the Broken River catchment, and determined their sward composi-
tion by the method mentioned abovee It was found that at each 
site there were on average seven grass&, and thir.teen other species. 
Table 7~3 shows the average composition of 19 sites. A compari-
son of Tables 7," 2 and 7.3 shows that the grass s.pecies formed a 
smaller proportion of the sward in the 'snow-tussock grasslands 
than in short-tussock grasslandse 
In addition to these descriptions, Wraight supplies the 
following~ 
The .alpine and upper montane grasslands of 
the Waimakariri River catchment 
Plant Associations 
by M. J~ Wraight, 
Scientist, Protection 
Forestry Branch, 
Forest Research Institute. 
The term "association il as us1ed herein, implies no more 
than that all swards included in anyone association are recog-
nisably similar on the basis of their physiognomic dominant(s) . 
Each association is named according to its physiognomically do-
minant specie~e. The methods by which each was determined and 
described is given in appendix 7e3e These dominant species are: 
(a) Dominants of the original (pre-fire and pre-grazing) alpine 
grasslands" 
(1) Major dominants 
Chionochloa flavescens Zotov - Broad-leaved snowgrass 
Chionochloa rigida (Raoul) Zotov - Narrow-leaved (no 
midrib) snowgrass 
Chionoch1oa pallens zotov - Narrow-leaved (with midrib) 
snowgrass 
Chionochloa crassiuscula (T~ Kirk) zotov - Alpine 
curly grass 
~ 
(X) 
Main Divide 
I( t 
Ch. pall~ns 
Beech Forest 
3000 ft. 
-Distribution of Dominants in a Snow Hollow-
Ch. pall ens or 
Ch. rigida 
Ch. crassiuscula 
Ch. oreophila 
J.II._ 
• 
Middle Ranges Eastern Ranges 
• 
Beech Forest 
& 
t 
t 
, 
Beech Forest 
& 
Upper Montane ( Induced) 
F~stuca noyoe z~landiae 
Fig. 7-a 
DIAGRAMMATIC REPRESENTATION OF THE GEOGRAPHICAL 
DISTRIBUTION AND ALTITUDINAL ZONATION OF THE MAJOR 
ALPINE AND UPPER MONTANE GRASSLAND ASSOCIATIONS IN 
THE WAIMAKARIRI RIVER CATCHMENT. 
't 
* 
SUNNY ASPECTS. NORTHERN PART OF CATCHMENT. 
SHADY AsraECTS ON STEEP SEEPA6£ AREAS. 
Wraight 1966 
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Chionochloa oreophila (Petrie) zotov - Snow-patch grass 
Chionochloa australis (Buche) zotov - Alpine carpet 
grass 
(ii) Minor Dominants 
Rostkovia gracilis Hook~ f~ - Diesel grass or high 
alpine rush 
Poa cockayniana Petrie - Avalanche ,traQk :.gra$s 
(b) Dominants of induced (by fire and grazing) grasslands 
(i) Mainly Upper Montane 
Festuca novae~zelandiae (Hack) Cockayne - Hard tussock 
Festuca matthewsii (Hack) Cheesem~ 
(ii) Mainly alpine 
Poa colensoi (Hookofo) - Blue tussock 
Notodanthonia setifolia (Hook~f8) zotov - Wiry danthonia 
Celmisia lyaIIii Hook~f8 
Celmisia spectabilis Hook~f8 
Celmisia viscosa Hook,f" 
(c) Shrub Invaded Grassland 
In addition p some severely depleted swards may be invaded 
by the following small shrub species which locally assume dominance: 
Podocarpus nivalis Hook. 
Dracophyllum uniflorum Hookef .. 
Dracophyllum pronum W~R8BoOliver 
Coprosma ~u~~Ja Hookof" 
Coprosma cheesemannii WGRoBeOlive~ 
Senecio cassinioides Hook.fe 
It has not been possible to map these various associations. 
They cannot be distinguished with certainty on air photographs. 
Nevertheless t their relative order of importance is considered 
to be indicated adequately by their frequency of occurrence on 
the 185 sample plots established (see Table 705) e 
The two narrow-leaved snowgrasses 6 Chionochloa rigida and C. 
pallens, .alone:a.ras :co-dominants are conspicuouslyth~ m.ost 
important .dominants (50 - 60 percent .o:f'all plots).. : They.:', . 
. are followed in decreasing order of importance by 0 ~'~'crassiuscula' 
.~ ~>. o.·r:;~<?Eh i1.~t .. ~t~~.';. ;Fl.a}!e s.Q;e+nG)..·Fe)s~;ut:a(~matth:ews.i:i:" A:!l.<ff: 'F o:<tlovae-, .'. 
zelandiae (all in the 5 to 10 per cent range) and by Notodan-
thonia setifolia 6 Chionochloa australis and Rostkovia gracilis 
(in the 1 to 5 per cent range) ~ These ten species, separately 
or in various combinations were dominant on 96 per cent of all 
plots established 0 
Geographical distribution and habitats of the associations 
Details concerning the floristic composition of the associa-
tions will be found later in this report. The following brief 
notes describe the geographical distribution within. ,the cat:chment, 
and the broad habitat preferences of the main associations. 
These notes are summarised in Table 7Q5 and represented dia-
gramatically in Fig 708 .. 
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Chionochloa flaveecena 
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/Chionochloa pallene 
Ch1onochloa :f'laveecene 
/Chionochloa rig1da 
Feetuca matthewe11/Ch1onochloa 
flnvescens/Ch1onochloa r1g1da 
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Ch1onochloa pallene 
/Ch1onochloa oreophlla 
Ch1onochloa polleno 
/Ch1onochloa crneo1uacula 
Ch1onochloa pallene 
/Ohionochloa auetralJa 
Chlonochloa pallene 
/Chlonochloa rlgida 
Oh1onochloa rlg1da 
Ch1onochlon r1g1da 
/Ch1onochloa auetralia 
Ch1onochloa rlgida 
/Notodanthon1a set1:f'ol1a 
Ch1onochloa australia 
Oh1onochloA craae1uaoula 
.. I\) I\) (7\ VI Ch1onochloa oreophlla 
Roatkovia grocil18 
(a) The Chionochloa flavescens Associations~ 
As a species c~ flavescens occurs throughout the catchment 
but as a dominant it achieves significance in the south east 
portion of the catchment (particularly S~E~ of the line from 
the Cass River to Mt~ Binser to Nigger Stream and up the Esk 
River) Q Co flavescens dominant swards can be found over the 
wide altitudinal range from 3 8 500 ft to 5 0 500 ft but are most 
conspicuous at and about the regional timberline (4,500 ft) ~ 
They occupy a full range of slopes from very steep to gentle 
but show a decided preference for slopes of sunny aspecte 
(b) The Chionochloa riqida Associations~ 
Co rigida associations are confined to the south-eastern 
portion of the catchment (SoEo of a line running from Bull 
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Creek down the Andrews Stream and up the Waimakariri River to 
the Anti Crow River) G They occur from 3 9 500 ft to 6 0 000 ft 
but are most apparent between 4 0 000 ft and 5 8 000 fto They 
occupy the full range of slopes and appear to show no preference 
for any particular aspecto 
(c) The ~hionochloa pallens Associationsg 
Co pallens dominated swards occur only in the north-
western portion of the catchment (NoWo of a line drawn from 
Mto Cockayne to Boundary Creek to Bull Creek) ~ Their altitu-
dinal range parallels those of the Co rigida swards and they 
occupy a full range of slopes with a slight preference being 
ShCl\ll?n for slopes in the 25=30° range by the mixed Co pallens/ 
Co crassi~scula swards 0 Co pallens associations occur on 
slopes of all aspects Vllith perhaps a slight preference for 
sunny aspects being shown 0 Easterly aspects were most strongly 
represented in the sampling but this probably reflects only the 
general predominance of easterly slopes in the north-western 
part of the catchment 0 
(d) The Chionochloa crassiuscula Associations~ 
As a species! c. crassiuscula occurs throughout the catch-
ment with the exception of the Torlesse, Dampier, and Candlestick 
Ranges and of the central isolated hills such as Constitution 
and Mt~ St. Bernard. As a dominant! however, it is of import-
ance only in the north western portion of the catchment where 
pure c. crassiuscula or mixed c. crassiuscula/C. pallens swards 
are of moderate extenta C~ crassiuscula swards are found 
mainly between 4,500 and 5 0 500 ft, though they can descend as 
low as 3,750 ft where slopes are gentle and deep snow accumu-
lates$ Slopes are usually less than those occupied by 
c~ pallens swards in the same general area. All aspects are 
occupied except C. pallens tends to enter c. crassiuscula 
swards as a co-dominant, on sunny aspect slopes. 
(e) The Chionochloa oreophila Associat,ions: 
c~ oreophila occurs throughout,the catchment but swards 
characterised by dominance of this species are of importance 
only in the north~western portion of the catchment at altitudes 
between 5,000 and 5,500 ft~ and on relatively gentle slopes. 
There is a distinct preference for shady aspect slopes. 
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(f) The Chionochloa australis Associations: 
AS a species C"australis reaches its southern limits of 
occurrence in the Waimakariri and adjoining Ashley river catch-
ments and, in these catchments, occurs only to the north of an 
east-west line from the headwaters of the Hawdon River to the 
central portion of the Puketeraki Range" Carpet grass swards 
are, however of significant extent only in the headwaters of 
the upper Poulter River, Cox River and Bull Creeke Most of 
these .c. australiS .. swards 'occur~ft;oward ;the upper al,titudinal.limits 
of alpine grassland, typically on easy slopes of warm aspect 
(cf:..:~, C oaustralis swards in the Wairau River catchment, Wraight, 
1963) .. 
(g) The Rostkovia gracilis Association: 
Rostkovia gracilis is primarily a species of steep, high 
altitude, cold aspect slopes subject to groundwater seepage. 
In such places it is present throughout the catchment but it 
is only in the north-west that the association is of real 
significance. 
(h) The Festuca novae-zelandiae and Festuca matthewsii Associations: 
Fescue tussock swards dominated by either F~ novae-zelandiae 
or F" matthewsii are of significance only in the south-eastern 
portion of the catchment (S.Eo of the Bull Creek - Anti Crow 
River line) " They occur mainly at altitudes below the regional 
timberline, over a full range of slopes" They display a pref-
erence for sunny aspect slopes, although this probably is only 
a reflection of more sunny slopes than shady slopes having been 
cleared of forest by fireso 
(i) The Notodanthonia setifolia Associations: 
No setifolia seldom occurs in the waimakariri river catch-
ment as a sole dominant; more commonly it is found as a co-
dominant with either Festuca matthewsii or Chionochloa rigidao 
Such swards occur throughout the catchment but most commonly 
in the south-east~ A full range of altitudes (3,000 ft to 
nearly 6~OOO ft) are covered with some preference shown for 
steep slopes and a slight preference for sunny aspects. 
Minor Associations: 
Poa cockayniana is a common grassland dominant where 
avalanche tracks cut down through high altitude beech forest. 
In contrast to the situation in the Hokitika River catchment 
(Wraight, '1960) where they occur on steep slopes, each Poa 
cockayniana sward in the Waimakariri river catchment is of 
limited extent and occupies areas, within the avalanche tracks 
of easy slopes. Such swards,:therefore, are of slight import-
ance in watershed protection and were not sampled. 
All other associations listed, e.g. those dominated by 
Poa colensoi, the various Celmisia species, or by small shrubs, 
occur mainly in the south-eastern portion of the catchment, on 
300 to 40 0 slopes in the 4,000 ft to 5,500 ft altitudinal zone, 
i.e~, mainly on old Chionochloa rigida sites. 
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Chionochloa rubra dominated swards occur rarely at altitudes 
exceeding 3 0 000 ft and very rarely above 4,500 ft~ In the 
Waimakariri river catchment, this is a species mainly of cold, 
damp, valley floor sites~ Likewise, Carpha alpina, a common 
co-dominant in other South Island alpine grasslands, particularly 
west of the main divide, rarely achieves co~dominance in the 
Waimakariri catchmento 
703 SCRUBLANDS 
70301 Lowland and Montane Scrublands 
Table 701 shows that on 207% of the catchment, montane 
scrub species are dominant a However, these species exist 
over a more extensive area as co-dominants or as minor speciesa 
In the mid and east of the catchment the principal scrub 
plants of the short~tussock zone are: manuka (Leptospermum 
scoparium) 8 matagouri (Discaria toumatou)! ta"ilhinu (Cassinia 
fulvida) e Species of lesser importance are Muehlenbeckia SPP~I 
native broom (Carmichaelia spp,,,J e speargrass (Aciphylla spp,,), 
korokia (Corokia cotoneaster) D tutu (Coriaria angustissima), 
Coprosma sppo and sweet brier (Rosa rubiginosa) e In localised 
areas gorse (Ulex europaeus) is dominant~ 
In the west of the catchment the following are also found: 
mountain wineberrv (Aristotelia fruticosa) 0 Hebe buxifolia l 
and the prickly shield~fern (Polystichum vestitum) 0 
Relph (opo cit~) considered that matagouri formed the most 
distinctive and uniform scrub association in the Castle Hill 
basino It was characteristic of the montane shingle areas, 
for example 0 the partly consolidated shingle slides at the base 
of Mto Plentyo Manuka was found as a member of a mixed com-
munity or as a pure associationo In the Castle Hill basin it 
was best established on sunny faces and on porous sandy soils of 
the Cretaceous-Tertiary bedso Scattered patches were noted on 
the slopes between the Torlesse Range and Broken River$ 
Cockayne and Foweraker (opocit,,) worked in the Cass district o 
and described Cassinia open shrubland e matagouri and manuka 
thickets, and river terrace and debris scrub® 
7.2~2 Subalpine Scrublands 
by Dr~ p~ Wardle, 
Scientist, Botany Division, 
DoS~I$R~, Lincoln~ 
Subalpine scrub occupies 1-2% of the Waimakariri Catchment, 
with the largest areas occurring between the altitudes of 3,000 
ft and 4 0 000 ft in the unforested headwaters of the Waimakariri 
river and its tributaries, and in the transalpine passese 
Further downstream~ continuous forests of mountain beech 
(Notho£agus solandri var. cliffortioides) occupying the same 
Plate 14 
Montane scrub (dominated by Cassinia fulvida) in the Broken River Catchment. Looking towards 
Craigieburn Cutting. 
photo R. D. Dick 
Plate 15 
Sub alpine scrub on talus slopes in the Upper Edwards Valley. Looking towards Taruahuna 
Pass. Valley floor approx. 3,600 feet. 
photo P. Wardle 
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altitudinal zone exclude subalpine scrub, except on the eastern 
ranges deforested by the great fires of 6-8 centuries ago (see 
section 705) 0 and also more locallyo e~g~ where forest is precluded 
by frequent snow avalancheso 
The communities of the subalpine scrub form a complex 
pattern determined by altitude, topography 0 and soil~ They 
intergrade with communities dominated by grasses~ and tend 
to give way to the latter at higher altitudes ll on easterly to 
southerly aspects, on concave topographYe on gentle slopes and 
flat ground e and on finer-textured or poorly drained soils~ 
Most of the scrub occupies stony slopes that originated either 
as talus built up by attrition of exposed rock at higher al-
titudes 9 or as steep fans of stony alluviumo As long as this 
material is loose and unstable o it can support only specialised 
scree plants which tolerate the instability but do not check 
ito Even when effective colonisation does begin, many years 
must elaps~· before the soil is able to support continuousvege-
tation 0 Patches of scrub separated by bare& 'stony areas are 
characteristic of the intermediate stages? with snow totara 
(Podocarpus nivalis} 0 celery pine {Phyllocladus alpinus), 
Hyrnenanthera alpina/} Aristotelia frut-icosa o Gaultheria crassa, 
Coprosma parviflora o C" rugosa 0 Olearia nummularifolia o and 
Hebe subalpina {or/} in the east of the catchment 0 Ho brachysiphon) 
as the main shrubs 0 and Blechnum penna=.marina/} Lycopodium fasti-
giatum o Muehlenbeckia axillaris and Chionochloa flavescens as 
the main herbaceous and semi-woody species" Most of these 
plants have rooting stems or rhizomes which enable them to spread 
on to still-bare rocky ground 0 On flat stony alluvium by streams, 
Hebe odora dominates distinctive communities~ 
After a continuous plant cover has become·established o the, 
soil develops a distinct/} though shallow profile through weather-
ing and leaching" On well-drained slopes o these changes are 
reflected in an increasing proportion of Dracophyllum, while 
there is a corresponding decline ~n the proportion of species 
characteristic of earlier sta,ges <> • In perhaps half of the scrub 
near the Main Divide o the dominant species is Dracophyllum 
uniflorum, but below 3 0 800 ft it is largely replaced by Do 
longifoliurno On the eastern ranges~ Dracophyllum scrub occupies 
soils that developed under the original beech forests~ and it 
differs in several respects from that near the Main Divideo 
At the lower altitudes o Do acerosum is usually dominant instead 
of Dm longifolium e while matagouri (Discaria toumatou}g tauhinu 
{Cassinia fulvida) 0 and manuka (Leptospermum scoparium) are 
present o and may be dominant on northern aspects~ Although 
this induced scrub covers large areas o especially on the south-
eastern flanks of the Torlesse Range ,8 it is never as dense as 
its virgin counterpart 0 and narrow=leaved snow-tussock 
(Chionochloa rigida) and its usual. associates grow between the 
shrubs '" 
Succession towards dominance by Dracophyllum does not always 
occure On sites with impeded drainage! bog pine (Dacrydium 
bidwilli~) and pink pine {Dc biforme) can dominate in scrub, and 
Hebe paucirarnosa may be common in herbaceous communities~ On 
deep accumulations of loose rocks o fine material cannot be re-
tained within reach of plant roots~ and succession is arrested 
indefinitely 0 These sites are occupied almost exclusively by 
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sprawling plants of snow totara p rooting in their own humus. 
Immature soils can be maintained and domination by Dracophyllum 
delayed both where there is continual erosion, and where there 
is differential survival of species according to their ability 
to produce adventitious roots from their buried sterns; snow 
totara e celery pine and Olearia nummularifolia are foremost in 
this respect. A related process takes place on subalpine screes 
on the eastern ranges of the Waimakariri catchment, where mats 
of snow totara appear to be the last survivors of former vege-
tation. Evidence for this was found along a margin where 
hitherto stable soil and vegetation is deteriorating into scree. 
The stout aerial stems of snow totara are dying, and being re-
placed by slender stems buried and rooting beneath the new, 
lowered surface. Seedlings of snow totara are too slow growing 
to become established on unstable scree. 
On steep bluffs, ledges with pockets of stable soil support 
Dracophyllum scrub, whereas intervening runnels support the 
species characteristic of earlier stages in succession. Where 
bedrock shows throughc snow totara usually dominates, and this 
is also the main habitat of Dracophyllum kirkii. Bluffs also 
provide sheltered, moist niches favouring species which other-
wise are rare in the Waimakariri catchment, e.g. leatherwood 
(Olearia colensoi), which forms large areas of scrub on the 
mountains of Westland, o~ arborescens, Senecio bennettii, and 
rarely, stunted rata (Metrosideros umbellata) ~ Neopanax colensoi, 
Senecio bidwillii, Coprosma serrulata~ and some herbaceous 
species including Ranunculus lyallii are more common on bluffs 
than elsewhere~ apparently because of inaccessibility to browsing 
mammals. 
Tongues of scrub ascend to high altitudes on steep rocky 
spurs, both near the Main Divide~ and above the timberline in 
the forested and deforested areas to the easte They are com-
posed of low shrubs of snow totara, Gaultheria crass~ Dracophyllum 
uniflorum and Coprosma pseudocuneata j together with more ex-
clusively alpine species such as Dracophyllum pronum and Hebe 
lycopodiodes. On the drier eastern ranges there are also 
Exocarpus bidwillii o Helichrysum selag~ species of vegetable 
sheep (Raoulia) and Hebe pinguifolia, and because snow disappears 
,much earlier than at the same altitudes near the Main Divide, 
" patches of Dracophyllum pronum and other dwarf shrubs ascend to 
6,000 ft. 
In the upper reaches of the Thompson and Waimakariri 
rivers, the valley floors descend to nearly 2,700 ft before 
meeting beech forest. Instead of beech, there are patches of 
low forest, composed of the following small trees and tall shrubs: 
Libocedrus bidwillii -(not abundant, but including both young 
and old trees), broadleaf (Griselinia littoralis), Dracophyllum 
longifolium, De traversii, and Olearia lacunosa. Above 3,000 ft 
these communities grade into scrub. Ribbonwood (Hoheria 
glabrata) forms scattered deciduous groves on shelt~ered;',. moist 
sites with well-drained, loose, stony soils, and is sometimes 
accompanied by celery pine or broadleaf. Beneath its canopy 
there are, in undisturbed communities, a dense cover of the 
tall fern Polystichum vestitum and scattered bush~s of Coprosma 
ciliata and Aristotelia fruticosae Ribbonwood groves occur up 
to an altitude of 3,200 ft and extend down-valley as enclaves 
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in beech forest to 2,700 fte 
stunted mountain beech forms extensive areas of scrub near 
the Main Divide~ under the influence of shallow, leached, poorly 
drained soils and exposure to strong, cold winds funnelled 
through the passes~ The canopy is very open, and other small 
trees and large shrubs are abundant, especially celery pine, pink 
pine, Dracophyllum longifolium o and in places u kaikawaka or 
rnanuka~ Mountain beech is also reduced to a timberline shrub 
on steep, exposed spurs and ridges o and where deep snow accumulates~ 
7,,4 FORESTS 
by J .. T .. Holloway, 
c~ L~ OOLoughline 
(a) General Description 
Director /J 
Scientist~ 
Protection Forestry Branch, 
Forest Research Institute~ 
For all practical purposes the forests of the Waimakariri 
river catchment may be described as mountain beech (Nothofagus 
solandri var~ cliffortioides) forests, this species occurrin~ as 
a dominant or co-dominant in almost all forest and as the sole 
dominant in most forest0 All other tree species are of minor or 
negligible importance 0 Thus red beech (N~ fusca) is represented 
in the forests of the Hawdon o Andrews and Poulter valleys but 
forms extensive stands o usually in association with mountain beech, 
only on mid-slope and lower mid-slope sites in the Poulter valley. 
Silver beech (N~ menziesii) has an even more restricted distribu-
tion@ It occurs, as a rare species o in several localities with-
in the Poulter river system but achieves relative abundance 
and local codominance with mountain and/or red beech only in the 
Thomson valley~ Black beech (No solandri var~ solandri) D or 
forms approaching true black beecho is found only in remnant 
pockets of beech-podocarp. forest on the plains near the conflu-
ence of the Kowai and Waimakariri rivers~ 
The major podocarps~ matai (Podocarpus spicatus), kahikatea 
(Pe dacrydioides) /J totara- (Po totara) and rimu (Dacrydium 
cupressinum) are likewise found only in these small remnant 
areas of lowland forest which also contain an assortment of minor 
hardwoods 0 eoge hinau (Elaeocarpus dentatus) and mahoe (Melicytus 
ramiflorus) ~ In upland forest lthe only tree species other than 
mountain 0 red and silver beech ar~ Hallos totara (Podocarpus 
hallii) which occurs widely scattered throughout all forest but 
rarely contributes significantly to canopy formation, kaikawaka 
{Libocedrus bidwillii)which occurs in mixture with mountain beech 
in a few places in the upper wairnakariri-and upper Poulter 
valleyso broadleaf (Griselinia littoralis) which again occurs 
scattered throughout all forest locally achieving co-dominance 
or~ more frequently, forming a distinct second tier beneath a 
mountain beech canopy 0 and rare pokaka (Elaeocarpus hookerianus) 
and rata (Metrosideros umbellatq), the latter normally in shrub 
forme There is a greater range of small trees or large shrubs, 
some1of which will be mentioned later B but these are mainly 
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species of forest understoreys or forest margins$ They do not 
contribute significantly to canopy formation except, rarely, in 
seral forest on landslide scars, etce8 
with the exception of the red beech stands of the Poulter 
valley and of Hallos totara and broadleaf which occur, as al-
ready described, scattered throughout all forest, all the above 
species and minor types of forest may, for management purposes, 
be regarded as botanical curiosities8 Management of the 
Waimakariri forests begins and ends, virtually, with the mountain 
beech forestse within these mountain beech forests there is, 
however, an infinite though far more subtle varietY8 They 
occupy an extremely wide range of sites and soils 6 extend over 
an altitudinal range exceeding 3,000 ft (1,200-4,600 ft), and 
occur under rainfalls varying from less than 40 to above 200 
ins per annUffio Somer especially in high rainfall valleys, are 
virgin old-growth forests and' some, especially in low rainfall 
valleys, are young fore~ts that have developed in the wake of 
pre-European or European forest fires or following forest destruc-
tion by wind o avalanche or landslidee Stand structure (canopy 
height, number of sterns per acre, stem diameters, age-class 
distribution of stems), and both the composition and density of 
forest understoreyso vary accordingly, frequently over such 
short distances that mapping is impracticable~ For immediate 
purposes it is unnecessary 0 All that will be attempted will 
be the concise description of a few examples selected more or 
less at random from a very large number of descriptions on file. 
Primitively, i~e. before the introduction of grazing and browsing 
mammals, an even greater degree of variety probably existed, 
pa'rticularly with respect to the composition and density of shrub 
and ground vegetation tiers~ 
Example Ig High rainfall~ Altitude 3,000 ft~ Forest on Steep 
o (38 ) rock rubble slope 
Canopy density 60-70%~ Canopy height 30-40 ft8 stern 
diameters 12-28 inso at breast height. 
Sub-canopy (density 30-50%) of broadleaf o 15-25 ft high, 
over an open shrub tier of Phyllocladus alpinus, Podocarpus 
nivalis u Archeria traversii, Neopanax simplex, Myrsine 
divaricata, Coprosma parviflora, C8 pseudocuneata, ~ 
microcarpa, Olearia lacunosa, 00 colensoi and occasional 
Hoheria glabrata~ Ground tier sparse, consisting of 
flacciduffi u Blechnum penna-marina, Carex sppo and Astelia spp. 
Soil surface moss covered (50%) or bare rock (30%) or 
litter (20%) 0 
Many small seedlings of almost all above species$ 
Example 2~ High rainfall~ 
steep (25-30°) slope~ 
Altitude 3 r OOO ft. 
ice-scoured rock surface with narrow ledges. 
Canopy density 30%0 Canopy height 20-30 ft$ 
diameters 6-12 ins~ 
Forest on 
Stem 
All trees twisted and branchyo Canopy gaps filled by 
broadleaf, pole size Hallos totara and pokaka, with 
occasional emergent kaikawaka (diameter 6-24 ins). 
Shrub tier dense, almost impenetrable 6 consisting of 
Phyllocladus alpinus, Archeria traversii, Leptospermum 
scopariumo Neomyrtus pedunculata, Pseudopanax crassifiolium, 
Neopanax colensoi o Coprosma linariifolia, Cc propinqua, 
~I 
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c~ foetidissima o c~ microcarpa, C. parviflora, C$ pseudo-
cuneata, Aristotelia fruticosa o Gaultheria crassa, Cyathodes 
juniperina~ Metrosideros umbellata (shrub form), Hebe sppG 
and Phorrnium colensoi~ Occasional tangles of Rubus sppw in 
canopy gaps 0 
Ground tier sparse o occasional plants of Blechnum capense, 
B~ minus o B® penna-marina! Uncinia spp~ 
Soil surface mainly moss or litter covered with abundant 
small seedlings of many speciesG 
Example 3g High rainfallo Altitude 2 0 900 fto Forest on even 
o (28 ) slope" 
Canopy density 70~80%o Canopy height 50-60 fto Occasional 
st'ems to 18 ins dob®h", ° but most stems 8-12 ins with some 
2-6 ins poles reaching into canopy 0 300-400 stems per acre. 
Sub~canopy sparse consisting of whippy suppressed and mal-
formed mountain beech poles and saplings~ 
Shrub tier irregular 0 Patches of mountain beech advance 
growth to 4 ft in heighto Occasional small shrubs of 
Coprosma pseudocuneata and Co parviflora", 
Soil surface moss and litter (50-60) with abundant ephemeral 
mountain beech seedlings 0 
Example 4g High rainfallo Altitude 4 0 500 ft", Forest on level. 
ridge crest site near timberline 0 
Canopy density 10=80%0 Canopy height 15-20 fto 
diameter 14-24 inso 
Sub=canopy - nilo 
Stem 
Shrub tier rare Coprosma microcarpa and Gaultheria crassa~ 
Soil cover thin litter o moss patches, bare soilo No 
seedlings of any species 0 
Example 5g Intermediate rainfallo Altitude 3,600 fto Forest 
o 
on even steep (30 ) slope. 
Canopy density irregularo many gaps~ Canopy height 50ft~ 
Stem diameters to 20 ins but mainly 12-14 insG 
Sub-canopy formed by dense patchy thickets of mountain 
beech saplings at 20 fto 
Shrub tiero Gaps in thicket mountain beech occupied by 
Coprosma linariifolia, Co pseudocuneata, Phyllocladus alpinus 
and an unidentified Hebe spo 
Ground tiero Sparse cover of Grammitis billardieri, Blechnum 
penna-rnarina ll Polystichum vestitum and,an Uncinia Sppe 
Soil covero moss with patches of filmy ferno scattered 
seedlings of mountain beech~ broadleaf and Neopanax colensoi. 
Example 6g Intermediate rainfall 0 Altitude 4~250 ftG Forest 
o 
on steep (25-30 ) deeply dissected slope 0 
Canopy density irregular 40-80%0 Canopy height 35 fto Stem 
diameters 4~10 inso 
Sub-canopy wantingo 
Shrub tier discontinuouso Podocarpus nivalis o Hebe odora, 
Coprosma antipoda~ Co microcarpa, Co parviflora and rare 
Phyllocladus alpinuso 
Ground tier sparse cover of Polystichum vestitum, Blechnum 
penna-marina 0 Nertera SP0~ Carex spo 
Soil cover moss (30%} 0 litter (40%), b~re soil and rock (30%) ~ 
Seedlings sparse 0 
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Example 7g Low rainfall" Altitude 2c7500 ft., Forest on steep 
o (37 ) rocky slopeD 
Canopy density 30%0 Canopy height 15-20 fto Stem dia-
meters 4=18 inso 
Sub=canopy sparse broadleaf o Neopanax colensoi~ Pseudopanax 
crassifolium mountain beech poleso 
Shrub tier sparse Cyathodes juniperina o Gaultheria antipoda, 
Hebe traversii o Coprosma spp" 
Ground tier wanting., 
Soil cover litter (60%) or exposed rocko Few seedlingsG 
Example 8 g Low rainfall 0 Altitude 3 c7 500 ft 0 Ridge crest' 
foresto 
Canopy density highly irregular with many large openings" 
Canopy height 20-30 fto Stem diameters 4-12 ins" Many 
dead stems and stumps., 
Sub-canopy 0 Few small poles and saplings., 
Shrub tiero Small patches mountain beech regeneration 2-4 
ft high 0 
Rare Gaultheria crassQo 
Ground tier occasional Pea colensoi., 
Soil cover~ Largely bare soi10 subsoil or erosion pavemente 
'Example 9 g Low rainfall", 
" 0 
Altitude 2 0 900 ft~ Forest on easy 
. \ (10) terrace 0 
, '.,$ 
Canopy density 70-80%G 
diameters 4~12 inso with 
Sub-canopy = nile 
Shrub tier = nilo 
Ground tier = nilo 
Canopy height 60~70 fto Stem 
occasional stems 12-20 inso 
Soil cover litter (100%) with abundant ephemeral mountain 
beech seedlingso 
Example 10~ Low to intermediate rainfall" Altitude 3 0 000 ft. 
o Forest on easy (20 ) even slope 0 
Canopy density 70=80%0 Canopy height '60fto Stem dia-
meters 6=14 inso 
~u,b-canopy 0 Rare suppressed mountain beech poles 0 
Shrub tiero Thicket m~untain' beech regeneration 4-6 ft highs 
Rare small Coprosma sppo 
Ground tier wantingo 
Soil cover litter 70%, most 30%. 
These few'examples will be sufficient to illustrate ~he 
great diversity that exists within the Waimakariri forests de-
spite their seeming outward uniformity 0 A few broad trends 
are apparent 0 eogo o toward a greater luxuriance in undergrowth in 
high rainfall areas than in lowo on shady slopes than on sunny 
slopes~ on deep moist soils than on dry shallqw soils~ within 
old growth stands than in young o more~or=less even aged stands, 
or beneath a partial or broken canopy than beneath a qense or 
intact canopy~ There are o however 6 many exceptions~ some of 
which are currently inexplicable but most of which are cert~inly 
due to gross inequalities in patterns of use by introduced 
animals 0 patterns which themselves have not remained constant" 
but which have undergone profound modification as a consequence 
of controI'- operations (see HollowaYe 1964 a 6 a paper which wa's 
written with the Waimakariri situation in mind) . All told, 
the present situation is an extraordinarily confused and labile 
one., 
7~5 FELL-FIELD AND HERB FIELD 
Fell-Field 
This alpine community is found as single plants or clumps 
of plantso Although the distribution is restricted, its 
members are found more widely in the upper montane and alpine 
grasslands and subalpine scrub~ 
Laing and Oliver (1928) noted that in the Bealey River 
basin the important species were the cushion plants, Hectorella 
and Py;gmea ll Senecio scorzoneroides ll , ,and Hebe haastii .. 
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Relph (opocito) suggested that the fell-fields in the Broken 
River basin which occupied the relatively dry exposed areas 
above 4,000 ft~ had been induced from the tall-tussock grassland. 
The vegetation had a very open character and consisted largely 
of low-growing xerophytic shrubs~ The dominant scrub species 
were Podocarpus nivalis e Dracophyllum uniflorum, De rosmarini-
folium*i Gaultheria rupestris, Cyothodes colensoi, Muehlenbeckia 
axillaris o and Hebe spp", forming low cushions several feet in 
diameter g but usually less than 12 inches high" Other pro-
minent members of the community were species of Celmisia and 
stunted snow-tussocks~ 
Herb Field 
Relph (op .. cito) noted that in the herb fields of the Broken 
River basin Celmisia viscosa was usually the most abundant 
species~ At the highest altitudes the most common plants were 
c~ discolor or Co haastiio 
7 " 6 CHANGES IN VEGETATION 
by Dr" B" p~ J .. Molloy, 
Scientist, Dept. of Agriculture, 
Christchurch .. 
Holloway (1964 b) has summarised existing infor.mation concern-
ing historical changes in South Island vegetation.. In the 
Waimakariri catchment three broad historical periods are of 
interestg 
(1) The pre-Polynesian periodQ 
(2) The Polynesian period .. 
(3) The European period .. 
The Pre-Polynesian Period 
with the retreat of Poulter ice some 15,000 years ago, 
the climate in the South Island gradually became warmer cul-
minating in the Climatic Optimum, 3,000-5,000 years ago when 
the climate was much warmer than it is at pres.ent. Since then 
* It is probable that this plant would now be called Do> pronum. 
Reference 
No. 
NZ 304 
NZ 391 
H 1051 
H 1053 
H 1052 
H 1050 
NZ 304 
H 1051 
= 
= 
Collector 
B.P.J.Molloy 
P. Wardle 
B.P.J.Molloy 
II 
.. 
II 
14 N.Z. C No. 
Humble Run No. 
TABLE 7.4 
Radiocarbon Age Measurements for theWaimakariri 
catchment 
Sheet and 
Grid Ref. 
874/218857 
866/595 
874/214857 
874/215863 
II 
-874/218857 
Locality 
Porter's Pass 
Craigieburn Range 
Porter's Pass 
II II 
II II 
II II 
Material 
Charcoal 
II 
II 
Wood 
" 
Charcoal 
Data reproduced by courtesy N.Z.Jl Bot. (Molloy et al., 1963) 
Species 
Nothofaqus solandri 
var. cliffortioides 
.. 
II 
.. 
.. 
II 
Age 
Years Before 
1950 
510~50 
509~45 
700:!:105 
725:':105 
900:':105 
950!105 
0'1 
N 
Plate 76 
5,322 foot unnamed peak in the Nigger Stream catchment. Mounds of Misery in foreground. 
photo R. D. Dick 
Plate 77 
Poulter Hi II (Poulter catchment). 
Pre-European fires destroyed the forest. Compare the condition of this country with that shown 
in Plate 76. 
photo R. D. Dick 
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the climate has become progressively cooler, but the rate of 
cooling has been irregular with minor peaks of warmth reversing 
this general trend <0 
During the early stages of post-glac~al warming, normal 
erosion was active and much of the finer geomorphic detail in 
the Waimakariri catchment was carved out of Poulter and pre-
Poulter landscapes~ Plant colonisation of these modified sur-
faces seems to have been quite rapid e so that around the Climatic 
Optimum most of the catchment was reclothed with vegetation, and 
erosion was absent or negligibleQ 
The broad pattern of pre-Polynesian vegetation was established 
by that time 0 or even earlier~ Scrub and grassland occurred 
above timberline (4,000-4,500 ft)o and forest was widespread on 
practically all land below this level 0 The scrub and grassland 
were probably no different in composition from existing vegetation 
at similar altitudes o but were more extensive.. The forest was 
essentially beech forest (Nothofaqus Sppm) with a minor podocarp/ 
broadleaf element g especially along the front ranges bordering 
the plainlandG However i it is becoming increasingly obvious 
that beech had replaced podocarps and broad leaved species over 
wide areas throughout the catchment; a trend which still persists8 
with a return to more frigid conditions since the Climatic 
Optimum the environment for plant growth has become a little 
harsher, though it has not altered the general pattern of vege-
tation to a marked degreeo 
There is no record of the occurrence of natural fires or of 
large scale physical disturbances in the catchment prior to the 
arrival of the Polynesian 0 In these circumstances, and in the 
absence of animal depredation e the vegetation provided an .ef-
fective mantle against soil loss, except in small areas subjected 
to minor earth movement$~ 
Fig 201 shows that 75% of the catchment is below 4,500 ft, 
or approximate timberline 0 If the area occupied by riverbeds 
and lakes is excluded (405%0 Table 201), approximately 70% of 
the catchment was under forest in the immediate pre-Polynesian 
era~ When it is realised that the bulk of this forest grew on 
steeplands, rolling lands and hills, its protective effect can 
be fully appreciated 0 
soil weathering and profile development proceeded at a 
faster rate under forest than under scrub or grassland, probably 
due to a more favourable microclimate$ But there are major 
deficiencies in the environment which have offset these advant-
ages~ First, the parent material of most soils contains small 
amounts of essential minerals which o in addition, are fairly 
resistent to weathering~ Second, the climate slows down rock 
weathering u intensifies leaching, and weakens the efficiency 
of the organic cycle~ Finally~ ~here is some doubt whether the 
indigenous plant material is inheritantly capable of exploiting 
the potential allowed by the cl1ihiate" Under these conditions, 
soil wasting outstripped the .organic cycle of both forest and 
grassland and the "wasting reg±m~1I (Taylor and Pohlen, 1962) 
dominated the dynamic soil system~ 
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Showing the extent of Pre-Eur-cpean 
Burning in the Waimakt!rjri Catchment. 
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The Polynesian Period 
During the Polynesian period fires occurred widely in the 
Waimakariri catchment; the geographic distribution and radio 
carbon age of sub fossil plant material confirm this fact (Table 
7~4) ~ The first fires probably began in coastal Canterbury 
about 900-1,000 years ago! and spread progressively inland. The 
complete history of Polynesian burning is unknown, however, and 
smaller intermittent fires may have extended over a long period. 
Figure 7~9 shows that approximately two thirds of the catch-
ment was affected by Polynesian burning~ with the westernmost 
boundary roughly coinciding with the present 70 in rainfall 
isohyet (Fig 401) 0 Climate and topography strongly influenced 
the pattern of burning o and small tracts of forest on the Torlesse 
and Craigieburn Ranges-~ and in the Esk and Poulter catchments, 
proved unfavourable to the expansion of fire~ 
The effects of this burning were twofold: First, it in-
itiated a continuing period of soil erosion and scree development. 
Second, it transformed the vegetation in nearly all burnt-over 
areaso 
The destruction of the forest and grassland mantle changed 
the dynamic soil system from a dominant wasting regime t9 an 
active "drift regime" (Taylor and Pohlen, 1962) in dramatic 
fashion. Although most soils experienced some degree of profile 
mixing, the soils of the steeplands were removed wholly or in 
parto screes were extended to lower altitudes, and fans and f~ood­
plains were rejuvenated by a fresh supply of detritus a The 
effect was equally pronounced in all burnt-over areas, especially 
at high altitudes and on exposed slopes~ It is no coincidence 
that the most spectacular examples of soil erosion and scree 
development lie within the boundary of Polynesian burning. 
The changes brought about in the vegetation were almost 
complete and irreversiblee Approximately 50% of the forest was 
burnt and less than 10% of this has since regenerated, mainly in 
high-rainfall areas and on a few shaded slopes and gullies. The 
regeneration of burnt-over grassland was no more successful~ 
FollQwing burning, an unprecedented migration and intermingling 
of plants began~ In the absence of regenerating forest, there 
was a definite trend in the replacement vegetation towards the 
highest physiognomy attainable under the new environment~ 
Secondary scrub (principally Dracophyllum Sppe) and tall-
tussock grassland (Chionochloa rigida, C~ flavescens, C. pallens) 
developed on rejuvenated forest soils in the subalpine zone, 
while red tussock (Chionochloa rubra) and other shrubs (Hebe, 
Cassinia 8 Leptospermum, Discaria@ coprosma) were prominent in 
the montane zone~ These secondary communities were derived 
from former enclave material within each zone, together with 
those plants which had migrated downhill from the alpine zone. 
In the latter zonee communities of scree plants, colonies of 
vegetable sheep (Raoulia sppo) I and layered mats of snow totara 
(Podocarpus nivalis) extended their distribution on degraded 
grassland soils and subalpine forest soilse 
Thus~ prior to the arrival of the European, large tracts 
of secondary vegetation occupied the burntover portion of the 
catchment and stood in contrast to the western background of 
residual forest and alpine grassland~ 
The European Period 
Burning, grazing, and the introduction of exotic plants 
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and noxious animals marked the early part of the European era. 
Probably less than 2% of existing forest was cleared by fire, 
but the combination of systematic burning and continuous grazing 
affected a significant change in the physiognomy and composition 
of secondary vegetation~ 
In the montane zone, the tall-tussock element was almost 
eliminated, except on the damper sites, while the scrub component 
was considerably reduced in all accessible areas~ Short-tussock 
grassland (Festuca-Poa) was induced on land up to and exceeding 
3,000 fte Subsequently this grassland was invaded by exotic 
sward-forming species and other exotic herbs which have super-
seded the indigenous inter-tussock flora in abundance and cover 
value" 
In the subalpine and alpine zones the changes were less pro-
nounced o though in some areas there has been a reduction in 
Dracophyllum scrub and a change in the vigour and frequency of 
tussock and intertussock speciesG 
The consequences of these traditional practices of the 
early European! and of noxious animal grazing and browsing, need 
no elaboration" In general the vegetative cover on the steeper 
lands has been weakened with exposure" of pare ground resulting 
in severe and incipient erosion by wind~ frost and rain, and in 
a re-activation of the soil drift regime~ On the more stable. 
hills and terraces dominated by sward-forming exotics, the erosion 
risk is not as evident, but the soil wasting regime has probably 
been intensified" 
Concerning the new era of changes begun by the virtual ab-
sence of burning o a strict policy of noxious animal control, 
watershed repair, oversowing and topdressing, and alterations in 
run management e little can be said at this stage.. So far the 
impact has made little impression on the vegetation, though the C 
absence of burning has been a major factor in the resurgence of 
scrub on former forest territory~ 
7 .. 7 CONDITION AND TRENDS IN CONDITION 
7,,701 The Lowland and Montane Grasslands 
Swamplands and wet Lands 
Dunbar et al~(op0 cito) concluded that in the Broken River 
catchment these communities had a better stability and plant 
cover than either the short-tussock or snow-tussock grasslands .. 
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Short- tussock Grasslands 
Malcom (1925) studied the effects of spelling on the 
montane-tussock grasslands at Cass~ He found inter alia that 
sweet vernal n Yorkshire fog, Poa colensoi and Hypochaeris radicata 
were more abundant in the absence of grazing. However, Festuca 
novae-zelandiae was better grown and more abundant where grazed. 
He concluded that on lightly grazed, medium rainfall country, 
spelling would not produce a Blmaterial gain in feeding value of 
the grasslands .. In 
In 1947 Sewell established three enclosures in the Cass 
area to record the changes in the structure and composition of 
the vegetation in the absence of grazing. He found that after 
one yearDs spelling, there was little change in the density of 
cover, or in the botanical composition of the sward. However, 
ten years later, Moffat (1957) noted definite changes both in-
side and outside the enclosurese He used the point quadrat 
method of vegetation analysis developed by Levy and Madden and 
which was, as far as practical, identical with the methods used 
by Sewelle He found that 0 
Ie there was an overall increase in plant density on both 
the grazed and ungrazed areas. 
2. the percentage increase in density was greatest on 
the ungrazed areas~ At the three sites, plant density increased 
by an average 83.9% in the enclosures, and 47.2% on the grazed 
areas~ However, the satisfactory state of the grazed areas in 
1956 compared with 1946 suggested that the grazing pressure was 
light enough to allow improvement in sward condition. 
3e there was a marked increase in the density of Poa 
colensoi~ and to a lesser extent Festuca novae-zelandiae. This 
was associated with a marked decrease in the density of Anthoxan-
thum odoratume 
40 Anthoxanthum odoratum, Agrostis tenuis and Hypochaeris 
radicata were denser on the grazed than on the enclosed areas. 
Moffat also found that any change in the density of Festuca 
novae-zelandiae and Poa colensoi affected the total density of 
the vegetation to a marked degreee 
The time of sampling was found to be important. For 
example, Anthoxanthum odoratum on both grazed and ungrazed sites 
almost disappeared by August but increased to its former density 
by December0 
Dunbar et ale (020 cit) showed that in the Broken river catch-
ment, II the average plant density was 68 .. 11 To determine plant 
density an estimate was made of exposed soil within a plot of 
two feet radius. Thus a figure of 68 meant that 68% of the 
plot area was stable against the immediate influence of erosive 
agencies.. Average plant density was found to be less on north 
slopes than on south slopes~ with east and west slopes inter-
mediate between the two® Plant density declined with increas-
ing altitude and slope, so that the condition of the short-
tussock grasslands is in general worst on sunny faces at higher 
"cn ... &")Il),,cn'"(I') 
<lilt <lilt Il)Il) &Il1l)1l) CD CD 
100-~~~~uu~~~ 
90-
80-
"cn"'(I')&Il"cn ... &") 
<IIIt.1l)1l)1l)1l)1l) CD CD 
100-......,:IU-L ................................ ~ ..... 
90-
90-
80-
70-
60-
"cn ... &")an ..... cn ... (I') 
•• ll)ll)ll)ll)anCD<D 
100-~~""""""""'~~~~ 
90-
FIG. 
"cn ... &")&Il ..... cn ... &") 
<IIIt<lllt&llanll)lIl&ll<DCD 
100-~~~~~~~~ 
90-
80-
70-
100----------------
1947 .y "1963 
. cars 
90- Q 
Z 
:> 
80- ~ 
(!) 
w 
70- ex 
~ 
m 
z 
40- 0 
-I-
~ 
I-
30- w 
(!) 
W 
> 20-
(!) 
z 
10-
> 
:; 
0-
7·3 
L. 
a> 
> 0 
u 
KEY "0 
c 
:::J 
0 
L. 
0 
-
0 
"cn ... &")Il) ..... cn ... (I') 
<IIIt<llltanll)ll)anll)CDCD 
100-·~~"~uu~~~ 
80 
"cn ... (I')Il)"cn"'&") 
·.ll)ll)ll)ll)anCDCD 
100-~~~"""""~~~~ 
90-
SHOWING:- PERCENTAGE CHANGES OF LIVING VEGETATION, LITTER AND BARE GROUND 
AT SEVEN SITES SITES I N THE SHORT- TUSSOCK GRASSLAND 
69 
( Complied from data provided by the 
North Canterbury Catchment Board ) 
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(Compiled from data provided by the 
North Canterbury Catchment Board) 
altitudes. 
In 1947 the North Canterbury Catchment Board established 
seven line transects in the short· ,tussock grasslands of the 
catchment. Fig 7 e 3 shows ,the changes in the percentages of 
bare ground, litter G and living vegetation from 1947 to 1963 
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(Dick, pers. corom.,) " Although all transects show an increase 
in the percentage of bare ground between 1947 and 1963, there 'is 
considerable variation within this period~ Without statistical 
analysis and interpretation it is not possible to comment on 
the changes" 
Fig 704 shows the changes in the percentage of bare ground, 
litter and living vegetation in the. presence and absence of 
grazing (Dick pers" comm.,).. The annual recordings over a period 
of years show differences which indicate that, in addition to 
grazing by stock, the weather conditions and no doubt other factors 
have a marked influence on the growth and development of the 
grasslands.' S~atistical analysis of the many field records is 
currently being carried out in order to detect and assess the 
importance of the changes~ 
Grazing 
Dunbar et alo (op0cit~) found that grasses were more fre-
quently grazed than other plants. This is supported by Dick 
(1960) 0 who noted that the exotic plants o browntop, sweet vernal, 
cocksfoot (Dactylis glomerata) and white clover (Trifolium repens) 
provided most of the stock feede Sewell (1952) considered 
that the fescue tussock was of prime importance for the survival 
of the palatable species which grew in association with it .. 
cockayne (1915) suggested that grazing on the montane vege-
tataion had produced a more general tussock dominance and reduced 
the scrub species~ He noted that Aqropyron scabrum was exceed-
ingly rare and had either been eaten out or had never been an 
important element of the sward~ However, Moffat (op.cit.) found 
that A ~ scabrum was reasonably widespread.. This suggests tha·t 
grazing in some areas of the montane zone has been light enough 
to allow some sward improvement~ 
7 .. 7.2 The Upper Montane and Alpine Grasslands 
Dunbar et al .. (op .. cit.) found that the average plant density 
in the snow-tussock grasslands of the Broken river catchment 
-'was 58 compared to 68 in the short-tussock grasslands.. North 
facing slopes supported a lower plant density than south facing 
:slopes .. 
Figs 7.5 and 7.6 show the changes in bare ground, litter 
and living vegetation from 1947 to 1963 in snow-tussock grass-
lands (Fig 7 .. 5) and mixed snow-tussock and low tussock grasslands 
(Fig 7 .. 6) (Dick, pers. conune).. For the reasons mentioned :-
above. it is not'·' possible to quantitatively assess the trends 
shown. 
..,.' .. 
QOConnor (1963) and Mark (1965 a.,b .. c.d .. ) considered some 
of the effects of burning, cutting, and topdressing of the 
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(Compiled from data provided by the 
North Canterbury Catchment Board) 
narrow-leaved snow-tussock~ 
in appendix 7 .. 2. 
Some of their results are given 
Condition and trends in condition 
in the upper montane and alpine grasslands 
by Ma J. Wraight, 
Scientist, 
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Protection Forestry Branch, 
Forest Research Institute. 
The method by which the composition D condition, and trends 
in condition of these grasslands were assessed is', given in 
appendix 703e In addition, that appendix also gives a detailed 
description of the composition, structure, condition and trends 
of the major assqciations.. The broad condition,' trends and 
types of alpine and upper montane grasslands are described here 
by sub catchments~ 
Puketeraki Rangx@ Southern End 
This portion of the Puketeraki Range south of the Brechin 
Burn contains quite an amount of Festuca matthewsii dominated 
induced grasslands most of which are in poor condition~ Some 
show downwards trends and some stationary trends~ The alpine 
grasslands are mainly Chionochloa rigida dominated with some 
Ce fl~vescens:_ dominated~ They are all very strongly modified, 
almost all in poor conditiono and show downwards trends. 
Puketeraki Range, Northern End 
In this portion of the Puketeraki Range from the Brechin 
Burn to Esk Head induced grasslands show a range of dominants -
Festuca matthewsii, Fe novae-zelandiae g . Poa caespitosa and 
Notodanthonia setifoliao The alpine grasslands are mainly 
Chionochloa rigida dominated with some 'C e' flavescens f" some 
C ~ ~austr,alis,..:_ and some C". crassiuscula~ as dominants 0 The al-
pine grasslands, are mostly very strongly modified but condition 
and trend vary along the range. In the Brechin Burn, particularly 
on the north facing slopes, and near Esk Head condition is 
generally poor and trends downwards.. But in the centre of the 
region above Nigger Bush and in the Grant River, condition is 
mostly fair with some swards in good conditionG There are 
some swards showing downwards trends but plenty showing station-
I . 
ary trends and a few showing upwards trends" The induced grass-
lands likewise although showing poor and fair condition show 
upwards trends in the centre of this area around the Grant river. 
Ant Stream and Nigger stream Block 
Again, Chiohochloa rigida is the main dominant of the alpine 
grasslands.. The swards are mostly very strongly modified, and 
condition of the'swards is mainly.fair or poor.. Most swards 
show a downwards trend in conditione The induced grasslands, 
mostly Festuca novae-zelandiae and Notodanthonia setifolia 
dominated, are almost all in poor condition with very definite 
downward trends apparent. 
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The Mt. White, Peveril Peak, Mt. Binser Block 
The induced grasslands of this block are Festuca matthewsii 
or F. matthewsii/Chionochloa rigida dominated. Mostly they are 
in poor condition showing downwards trends. In the alpine 
grasslands Chionochloa rigida is still the most widespread 
dominant although there are some C. pallens, Co flavescens and 
C. crassiuscula dominant swards. Almost all have been very 
strongly modified by grazing and burning, they are mainly in 
poor condition and many show downwards trends although quite 
a few show a stationary trend in condition. 
Cox River~ Bull Creek Block 
Here, there are no induced grasslands following forest 
burning. The full range of alpine grasslands dominated by 
Chionochloa pallens! C. crassiuscula, C. oreophila and c. aust-
ralis are represented along with some high altitude Poa colensoi 
and Notodanthonia setifolia swards, which have arisen from very 
strong grazing modification of c. pallens and c. australis 
swards. There is no Chionochloa rigida and c. flavescens 
seldom occurs in sufficient amounts to be classed as a domin-
ant. There is also a range of modification condition and 
trend. Some swards show only slight modification although 
most show strong and very strong modification. Watershed con-
dition varies from good to poor.. Trend is mainly 'stationary 
but some swards still show downwards trends. 
Upper Poulter Block 
Alpine grasslands only occur here. Chionochloa pallens 
is the most important dominant, Co crassiuscula and C. oreophila 
swards are well represented and there are some c. australi,s_ 
swards.. Most have been strongly but not very strongly modified 
and some only slightly modified. Most fall in the good and 
fair condition classes and most show stationary trend. A few 
swards show an up trend and a few of relatively small extent a 
down trend" 
Bealey, Mingha, Edwards, Hawdon Block 
Here again only alpine grasslands are present and Chiono-
chloa pallens, c. crassiuscula and c. oreophila dominated 
swards predominate. Most swards fall in the slight and strong 
modification classes, some are very strongly modified and a few 
almost unmodified by ~razing. Condition ranges from excellent 
through to poor but with most swards in the good and fair classes. 
The majority of swards show a stationary trend, some a down trend 
and few an up trend .. 
Upper Waimakariri and Crow Block 
Chionochloa pallens, C~ crassiuscula and C. oreophila are 
the main dominants. There is no induced grassland following 
forest burning. Most swards have been well modified and the 
majority are in fair condition. Trends are mainly stationary 
but there are some swards still showing a downward trend .. 
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Black Range and Craigieburn Range 
In this block there are some Festuca novae-zelanqiae and 
F. matthewsii dominated induced grasslands. These are mostly 
in poor condition and show a stationary or slightly further 
downwards trend. But in a few areas where sheep grazing has 
not occurred; and where deer and chamois populations have been 
drastically reduced 6 a few of these swards are in fair condition 
and showing a decided upward trend 0 On the alpine grasslands 
the main snow-grass is Chionochloa rigida in the southern part 
of the Craigieburn Range changing around the head of Broken 
river to c.,~ pallens,,,.o C ~ crassiuscula ,,~nd C .. :Qreophila:·,,:~~ards ... , 
occur, becoming more numerous and extensive in the larger basins 
of the Black Range~ All swards have been either strongly or 
very strongly modified d a few are in good watershed condition, 
some in fair condition but more are in poor condition.. Trend 
is mainly downwards~ sometimes stationary, but occasionally 
upwards as in the case of some swards in the portion of the 
Craigieburn Range that no longer carries sheep grazing. 
Torlesse Range cfnd' const¥ution Broken Hill Block 
On these two blocks Festuca novae-zelandiae and to a lesser 
extent F. matthewsii and Paa caespitosa dominated grasslands 
induced following removal of fo~est are important.. They are 
all in poor condition and show a downward or stationary trend. 
The alpine grasslands are mainly Chionochloa rigida dominated 
with someC,e flavescen? swards" Without exception these have 
been very strongly modified, they are in poor condition and all 
show definite downward trendso 
Because of the development of only a small component of 
such ii invader - increaser!! species as Notodanthonia setifolia 
and Celrnisia spectabilis in the otherwise severely modified 
swards of this region it is considered that the deterioration 
that has taken place here is more recent than the modification 
that has occurred in the Upper Waimakariri and Mingha and Edwards 
areas,. 
To Summarize 
As a generalisation, the drier southern and eastern portion 
of the Waimakariri catchment south-east of a line running from 
"Bull Creek down the Andrews Stream up the Waimakariri River to 
just above the Anti Crow River"~ has been most affected by 
grazing and burning, condition of the alpine and upper montane 
grasslands is generally poor, and in most cases trend in con-
dition is downwards .. 
North-west of this Bull Creek/Anti-Crow River line there 
is no upper montane grassland.. The swards of the alpine grass-
land have almost all been modified by grazing, some very 
heavilyu some only lightly" Some swards are in poor condition, 
but most are in fair or good condition with a few in excellent 
condition.. Likewise trends range over mainly stationary, with 
some downwards and a few upwards. 
This Bull Creek/Anti Crow river line also coincides with 
the approximate limit of sheep grazing and in general deer and 
''-.~. 
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chamois control operations have been more concentrated and 
been carried out for a longer period in the north-west portion 
of the catchmente To the north-west of this Bull Creek/Anti 
Crow River line rainfall is obviously heavier and more reliable 
and geologically the country becomes more "solid". 
The Future 
In the north-west part of the catchment the control of 
grazing animals (deer and chamois but not hares) that is being 
achieved is having a favourable effect on the condition and 
trends of the alpine grasslandse The response of the alpine 
grassland swards to this animal control has been good in some 
places o moderate only in others and lacking to date in others. 
Buto equally importantly~ large scale deterioration is no longer 
commencingo 
In the southeast part of the catchment, as stated above, 
condition in general is poor and trends are mostly downwardss 
But in a few localities, eeg~ (a) in Craigieburn Forest where 
there has been a cessation of sheep grazing and deer and chamois 
control has been considerable and (b) around the Grant River/ 
Nigger Bush area on the Puketeraki Range where presumably sheep 
grazing has not be~heavy because of poor access, there are 
swards in fair condition which are showing definite upwards 
trendss However e it would probably be too much to expect the 
many swards in poor condition to change their present trend from 
downwards to upwards with only relief from grazing~ It is too 
much to expect swards such as those shown in Plates 30, 32, 42 
to rapidly if at all reverse their present startling downwards 
trendsc For them some form of artificial re-vegetation would 
obviously seem to be necessary to reverse their downward trends. 
7.7G3 Sub~alpine Scrublands 
by Dro Pa Wardle~ 
Scientist, Botany Division, 
D~S®I~R~G Lincoln 0 
Introduced herbivores generally have not severely damaged 
the subalpine scrub u nevertheless palatable species such a~ 
Neopanax colensoi and Ranunculus lyallii have been largely eli-
minated from accessible sites~ other species, especially 
Hymenanthera alpina o Aristotelia fruticosa, and Senecio bennettii 
have been browsed recently~ and there are trails which have been 
eroded down to bedrock, especially across patches of low scrub 
immediately above the beech forest and through areas of mountain 
beech scrub that lie athwart major routes such as the transalpine 
passess 
The stands of low forest in the upper reaches of the 
Thompson River show effects of heavier use, chiefly in the form 
of deeply eroding trackS8 Groves of ribbonwood show still 
greater damage& Throughout the catchment browsing and trampling 
are preventing the replacement of ribbonwood stems (which- have a 
life span of some 150 years), and are breaking the originally 
dense undergrowth of Polystichum vestitum into discrete clumps, 
separated by low turf of unpalatable and browse-tolerant species. 
Ribbonwood groves are of small extent in the Waimakariri catch-
ment, however~ and their destruction does not raise such 
alarming problems as in Westland@ where they form a large pro-
portion of the subalpine vegetation. 
In view of the catastrophic destruction of leatherwood by 
the caterpillar of a native moth (Agriophara coricopa Meyrs) 
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in some parts of New Zealand$ it is worth stressing that this shrub 
is a very minor component of subalpine scrub in the Waimakariri 
catchment~ The plants appear healthy, and no comparable damage 
by insects or disease to other species was noticed~ 
Few signs of fire were seen in the scrub near the Main 
Divide, owing to the high rainfall Q broken topography and pro-
tected status within a national park~ At ArthurOs Pass, however, 
there has been a fire history of more than 70 years, and the 
resulting changes in subalpine scrub have been documented by 
Cockayne (1899~ and Cockayne and Calder (1932) ~ Their chief 
conclusion is thC!t' after fire, there is temporary dominance by 
species of Hebeb, followed by return of the slow-growing original 
dominants, espectially Dracophyllum, longifolium .. 
7<>7",4 Forest 
by J~ To Holloway, Director, 
c~ L", OOLoughlin, Scientist, 
Protection Forestry Branch 9 
Forest Research ~nstitute. 
"fi 
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It can be stated emphatically;' that there is no' forest in 
the Waimakariri river catchment that has entirely escaped 
modification by introduced animal~~~ The degree of modification 
afid the consequences of modification, however, vary from slight 
to profound", 
At the one extreme, where the movement of animals has been 
impeded as a result both of the precipitousness of the terrain 
and of the density of the vegetation, the forest remains in near 
virgin condition", The choicest palatables, e",g .. broadleaf, 
Neopanax colensoi, and Coprosma foetidissima o have been hedged 
wherever in easy reach and there has been local destruction 
by grazing and/or trampling of the ground cover on the broader 
ledges, the bulk of the stand surviving intact~ At the other 
extreme, where there has been no impediment to the free movement 
of animals and, particularly, on animal-preferred warm~aspect 
slopes closely adjacent' to areas of preferred grassland, the 
destruction of the shrub and ground tier vegetation, whatever 
this may have been, has been completee This has lead to de-
struction of soil litter horizons o loss of topsoil, and incipient 
scree formatione There has been no regeneration of mountain 
beech or of any other species despite optimum light conditions be-
neath large breaks in the canopy except where protection has 
been given by fallen logs~ 
In extreme cases such as these, the interpretation of events 
and ,situati~ns~ is a simple matter but, normally, it is a much 
more difficult task. 'F~equ~ntly, the extent of departure of an 
area or fragment of forest from either a natural (primitive) or 
a modified but still healthy condition cannot be assessed accur-
ately because neither of these conditions is itself sufficiently 
Plate 18 
Forest in good condition with an upward trend. Dense mountain beech 
regeneration beneath a mountain beech canopy on a cold aspect moist 
site, altitude 2,800-3,000 ft, Craigieburn Forest, obtained following 10-
15 years of effective deer control. 
photo G. Roberts, N. Z. Forest Service 
Plate 19 
Forest in poor condition with a static or downward trend. The forest understorey has been 
completely destroyed. There is no revegetation of mountain beech, even in light pools, anel 
litter wash is evident. These conditions are typical of near-timberl ine forest over wiele areas. 
The rainfall at this site is similar to that of the area shown in Plate 18. 
photo G. Roberts N. Z. Forest Service 
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well defined. Similarly, it is often difficult to predict 
what the end product of modification will be~ In such cases, 
recourse must be had to careful and cautious evaluation of a 
wide range of indicator phenomena, many of which cannot readily 
be assessed quantitatively. Even where precise measurement 
is possible, the process is often so laborious and time-consuming 
that adequate sampling& in turne becomes irnpossibleo 
In other words u the only practical method of study is the 
method of successive approximations (Poore, 1962) beginning with 
an extensive reconnaisance survey of the forests as a wholes Such 
a survey of the Waimakariri forests was carried out during th'e 
summer of 1956/510 Conclusions o ioeo first approximations in 
evaluation of the over-all situation, may be summarised as follows~ 
(1) with the exception of relatively small areas of forest on 
precipitous slopes (or in deep gorges) in high-rainfall valley 
heads, all forest supported, and for long had supported e a large 
number of animals g principally red deer~ This was evident from 
the number of animals seen," from the frequency and wide distribu-
tion of droppings 0 from the int.ensity and well-worn character of 
tracking systems~ from the occurrence of strongly developed 
browse lines throughout, from the occurrence of species of known 
high palatability only as small seedlingso or as large specimens 
beyond animal reach& or as epiphytes or cliff plants, and from 
the strong hedging of species of known moderate to low palatability~ 
Much forest was devoid of any undergrowth whatsoever or of any 
undergrowth within the reach of deer other than the moss on the 
forest floor and small mountain beech seedlings, the latter 
normally cropp.ed where they reached a height of 4-6 ins .. 
(2) The apparent degree of depletion of forest understoreys was 
most pronounced in low rainfall forest but against this had to be 
set the fact that forest understoreys" -in low rainfall areas, 
were undoubtedly relatively sparse from the ,beginning~ In low 
rainfall, densely-stocked 8 pole-type mountain beech forest on 
north aspect slopes or on freely draining soils there may never 
have been much undergrowth of any description other than in 
occasional light-pools 0 
within anyone rainfall zone and within mountain beech forest 
of more or less uniform type the degree of depletion was typically 
most pronounced in areas adjacent to valley or alpine grasslands,. 
iOee8 as a rule of thumb~ in the forest on the lower and upper 
thirds of forested valley slopes oro especiallyo in island areas 
of forest entirely surrounded by grasslando At any given altitude 
and distance from grassland o depletion was typically most pro-
nounced on warm aspect slopes where the angle of slope did not ex-
ceed 35-400 and the slope was not mantled with loose rock.-
rubble/? boulders or fallen logs, or cut by steep-walled gullies .. 
In effect o making full allowance for natural variations in 
the density of forest understoreysp the overall pattern of de-
pletion closely paralleled the pattern of animal use that could 
have been predicted on the basis of a general knowledge of the 
habitat requirements and habitat preferences of red deere The 
most significant observation was probably that of the general 
paucity of forest understoreys in near-timberline forest and in 
low altitude forest close to valley grassland because these are 
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the areas where maximum density is normally expected as a 
reflection of general trends toward increasing precipitation 
and/or precipitation effectiveness at high altitudes and of 
general trends toward the occurrence of deeper, moister and more 
fertile soils on the lower slopes~ They are the areas where, 
in forest uninhabited by introduced rnammals g maximum density is 
usually encountered 0 
(3) Exceptions to these general rules were found g but in almost 
all cases, a ready explanation was to hand that did not violate 
the ruleso Thus there was an appreciable tendency for the 
forest to be in above-average condition close to roads, well-
frequented huts and camps 0 and in other areas of easy human 
access" This tendency was most marked in the case of Craigieburn 
Forest where(J adjacent to ski-field access roads, the shrub tier 
(consisting almost wholly of mountain beech advance growth) was 
locally dense even beneath a tight mountain beech canopy (dis-
proving the contention that understoreys of this type are in-
variably sparse in heavily stocked stands).. In this area the 
red deer population was known to be very lowe 
In such instances, the better-than-average condition of the 
forests could be ascribed to local reduction of the deer population 
as a result of hunting or disturbanceo Elsewhere, other factors 
appeared to be operative 0 For example 0 the shrub tier in an area 
of mixed red beech/mountain beech forest on an easy lower~slope· 
site in the Poulter valley was found to be particularly dense, in 
marked contrast to the general situation in this section of the 
Poulter~ The operative factors appeared to be the presence of 
high gravel cliffs o locally obstructing the free movement of deer 
between this area of forest and adjacent valley grassland" in 
combination with an above-average distance from alpine grassland 
and a predominantly cold aspectc 
(4) The part played by other species of introduced animals'in 
effecting depletion of forest understoreys appeared@ in comparison 
with red deero to be slight or to be, area-wise, much more re-
strictedo The only other species found (by sight or sign) 
throughout all forest was the Australian opossum, but population 
densities of opossums were everywhere very low" Chamois were 
present throughout the alpine grasslands and subalpine scrublands 
but, in the forest zone o chamois sign was plentiful only at and 
about timberline, on and adjacent to·high altitude slips and 
screes, and down open rocky waterwayso Locally very heavy use 
was made of mosaic areas of forest and subalpine scrub on· steep, 
rocky, warm-aspect slopes o one apparent effect being the opening 
up of these areas to use by deere 
Hares were abundant throughout all grasslands and numerous 
hare pads led from the grasslands into the forestss Hare pellets 
were found well within the forests o particularly in the drier 
forests of eastern valleyso Many be~ch seedlings or shrubs 
(e .. g., of Coprosrna sppo) bore the cha.r:acteristic sign (45 0 browse 
angle) of hare use, especially near forest margins o but the true 
role of the hare in forest depletion or in prevention of forest 
regeneration remained obscure~ Wild pigs were locally abundant 
in the forests of the Torlesse Range and in the forests on the 
southern fall of the Puketerak~ Range (Oxford Forest) but the 
total population was small and highly mobile~ Pigs did not 
81 
appear to be responsible for a significant degree of forest 
darnage~ wild sheep were present in considerable numbers in 
Oxford Forest and were occasionally seen in the forests of the 
eastern valleys" Where present" they behaved in comparable 
fashion to goats and the forest on warm-aspect rocky slopes was 
completely eaten out~ Domestic sheep made much use of forest 
margins but did not tres-pass far into the forests except in the 
case of small islands of forest in an advanced stage of depletion 
when they strayed throughout 0 Very old sign of wild cattle was 
seen in the forests about Lochinvar but no fresh sign was seene 
Domestic cattle made heavy use of low altitude forest margins 
for shelter o resulting in the severe disturbance of the forest 
floor by trampling 8 but they were not noted to stray more than 
2-5 chains into the forest u probably because of the almost com-
plete absence of palatable species that would invite deeper 
trespass@ Rabbits, other than rare individuals, were noted only 
in one very small area in the Poulter Valley where they made their 
way short distances into the forest up aggrading stream channelse 
All told o the over-all pattern of forest depletion appeared 
to be one imposed by long-continued~ heavy use of the forests by 
red deer~ locally aggravated or distorted by the presence of one 
or :mor~ of the other species listed" 
(5) The consequences of forest depletion! as already stated u were 
found to vary from slight to profound 0 from a barely ·perceptible 
and probably quite immaterial modification of the composition of 
forest understoreys to their complete destruction! without re-
placement 0 coupled with loss of litter and topsoil and, in extreme 
cases u active scree development beneath an! as yeto intact forest 
canopy" At the date of survey a probable total of 5-10 6 000 
. acres of foresto mainly about the headwaters of the Upper Waima-
kariri! Bealey, Edwards, Hawdon and Upper Poulter tributaries, 
remained in near=primitive conditione Extreme depletion o coupled 
with active soil loss leading direct to scree formation! was 
evident o"\rer a somewhat larger area, mainly on north and west 
aspect slopes in the Esk and Broken river catchrnents~ In all 
forest between these extremes 0 the most conspicuous sign of 
events in train was widespread sheet-wash of litter on steep 
slopes, indicating strong surface flow of water during periods 
of heavy raina The early and strong discoloration of streams 
draining such slopes" during stormsI' indicated simultaneous soil 
loss" 
At the same time~ almost all large streams g excepting only 
some extreme headwater tributaries~ displayed signs of stress 
(eeg~ aggradation o channel instability, bank erosion, heavy 
sediment loads" and rising flood peaks as shown by debris strand-
lines) 0 But because almost all streams drain areas of barren 
alpine countryo erosion-prone alpine grassland and subalpine 
scrubland e as well as forest" the contribution of forest depletion 
toward such trends could not be isolated for study~ Nevertheless 
there were abundant indications that this contribution was 
substantial" Thus there had obviously been a recent change in 
the behaviour of many small tributary streams rising wholly in 
forestv Of possible significance o alsop was the fact that the 
one large stream displaying a strong contrary trend (Craigieburn 
Stream) drained an area where trends in forest condition were 
also reversed~ 
Plate 20 
Forest in bad condition. Trend strongly downward. Understoreys 
completely destroyed. Litter and topsoil gone or buried beneath moving 
scree. Severe bark damage to remaining trees from falling stones, 
paving the way to insect attack. 
photo G. Roberts, N. Z. Forest Service 
Plate 21 
Seral forest (Hoheria) on a stabilised torrent fan. Former ground cover 
of dense Poly.stichum vestitum replaced by short turf of native and 
introduced grasses and herbs. No regeneration of any woody species 
beyond early seedling stage. Fresh movement of gravels evident. 
photo G. Roberts, N.Z. Forest Service 
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(6) Thr.oughout the forests there were many active slips and 
gullies= Most of these had their origin above timberline but 
many were wholly within forest~ In no case was it possible to 
attribute their formation to animal-induced forest depletion" 
In large part they must be regarded as a natural recurring feature 
of a youthful 0 mountainous~ greywacke landscape" But! whether 
or not forest depletion had led to an increase in natural high 
rates of slip and gully erosion 6 it was very obvious that natural 
processes of slip and gully stabilisation and revegetation were 
seriously retarded 0 or even reversed! in the presence of intro-
duced animals~ The seral scrub and forest communities found on 
such sites frequently contain a stronger representation of 
palatable species than the scrublands and forests as a whole and 
attract heavy use both for this reason and because erosion scars 
within forest are intrinsically attractive o providing resting 
sites in full sunshine 0 The physical reactivation of stabilising 
slips and screes! by heavy animal traffic! was frequently noted. 
Similarlyo heavy use was obviously made of the forest and scrub 
on the banks of waterways through the forest e leading~ both 
directly and indirectlyo to the collapse of banks and to the 
widening of stream channels~ 
Trends in Forest Condition 
In 1956/57, trends in forest condition were considered to 
be uniformly downward, the one outstanding exception being 
Craigieburn Forest" On lower-slope moist sites in Craigieburn 
Forest there had been a conspicuous recent increase in the amount 
of mountain beech regeneration coupled with a conspicuous recent 
release of older seedlings and saplings from browsingpressureG 
Fresh litter and moss was accumulating on many deer trails and 
there were indications of the re-establishment of patches of 
the palatable ferno Polystichum vestitum" on appropriate sites .. 
Epicormic shoots on mountain beech~ within reach of deer, were 
browsed lightly if at all and trim lines around the lowermost 
forest margins were becoming indistinct" Current growth of 
such palatable species as broadleaf g Neopanax colensoi, and 
No simplex (all rare in this forest) continued 0 however 0 to be 
cropped and there were scant signs of forest recovery at high 
altitudes or on dry north and west slopeso 
For no other forest or area of forestc except in the immediate 
neighbourhood of settlements or homesteads i were comparable in-
dications of relief of browsing press~re reported by survey par-
ties0 ConsequentlY8 a very strong recommendation was made that 
animal control operation should be intensifiedo This recommen-
dation was put into effect over the period 1957-65" During the 
summer of 196Q/63f} survey· parties returned to the catchment to 
assess~ if possible, the 'results of control operations~ 
Two methods were employed in making this assessment~ a 
repeat reconnaisance or .resurv"ey of the forests qS a whole and 
remeasurement of plots that had been established during the 
course of the 1956/57 survey 0 The resurvey showed clearly tha.t 
a major reduction in red deer populations had been achieved $ 
In comparison with 1956/57 0 very few deer were seen though this:, 
by its~lfp was not conclusive" The reduction in sightings could 
have been due to changes in animal behaviour patterns brought 
about by intensive hunting, eog~ of a change from diurnal to 
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nocturnal rhythms of movement & The conclusion that the re-
duction was a real one was strongly supported, however, by the 
further observations that the frequency of occurrence of animal 
droppings was also greatly reduced and that fresh undisturbed 
litter had accummulated on many animal trails~ 
The response of the vegetation to this reduction in animal 
numbers, in a few instances 0 mainly in high rainfall areas, was 
strong. Thus one area was described in 1956 as: 
liVery heavily used by deer and chamois. Several notable 
trails, regularly usedo Most of the understorey gone or dead 
or dying. Only small seedlings of mountain beech left.11 
the same area being described in 1962 in these terms~ 
Bi Seedlings of Coprosma spp .. IJ Hebe spp e, Neopanax colensoi, 
up to 6 11 high, abundant., Regrowth on Polystichum vestitum 
untouchede Where litter can accumulate it is undisturbed. 
Gradual invasion of small guts, in which there has been consider-
able movement of rock debris in the past, by introduced grasses 
and woody plant seedlings" CD 
But usually the response was barely perceptible or imper-
ceptible& Over large areas of forest the only indication of 
relief was the local escape from browsing, for one to several 
seasons lJ of epicormic shoots on broadleaf or mountain beech, or 
of erect new growth on hedged saplings or shrubs, or of the 
seedlings of preferred species. A very local perceptible increase 
in the abundance and vigour of beech regeneration could not be 
ascribed with certainty to relief of browsing pressure. It 
could have been a result of recent good seed falls or good 
growing seasons" Over larger areas of forest, especially at 
high altitudes and on dry, animal-preferred sites, no change 
in the condition of the vegetation could be detected visually. 
The forest floor remained bare. Active surface wash of litter 
continued unabated~ The one major exception was again Craigie-
burn Forest where the recovery noted in 1956/57 on lower-slope, 
moist sites had reached a more advanced stage and was slowly 
becoming apparent on more diff,icult sites.. Even here, however, 
timberline stands still showed little sign of recoverYe 
All told, the consensus was that a genuine reduction in 
overall deer numbers i and probably in numbers of chamois, had been 
achieved $ It was, however, far less certain that animal numbers 
had everywhere been reduced sufficientlY8 Except on the most 
favourable sites in Craigieburn Forest p control had nowhere been 
effective for long enough for complete reversal of trends in 
condition even on favourable sites. 
Pbt data lent support to these conclusions though it must 
be emphasised that these data are not, in themselves, conclusive. 
They must be interpreted with caution because of known defects 
in plot design g known sources of inaccuracy in recording, and 
known deficiencies in the pattern and intensity of sampling. 
Thus the establishment of an adequate number of plots to satisfy 
all statistical requirements would have demanded a completely 
prohibitive expenditure of time and manpower, while the fact 
that plots had to be established during the course of the primary 
survey, not subsequent to itu meant that many plots were poorly 
sited~ 
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Each plot consists of two parts: firstly, a tenth acre plot 
on which the positions of canopy and sub-canopy trees and of all 
shrubs are charted ff the diameters of trees and the heights of 
shrubs being recorded u and, secondly, a series of milacre plots 
internal to the main plots on which are recorded ground tier 
species, seedlings of all species! soil cover condition~, and 
the presence or absence of animal droppings by species of animalso 
(See Holloway & Wendelken u 1957) G Survey parties established 
58 of these plots in 1956/57i 45 were remeasured in 1962/63. 
The remainder could not be relocated or were not remeasured 
because of the destruction of marker pegs by flood. Two plots 
had been completely destroyed, one by gully erosion and one by 
burial under flood deposits0 
Changes in the composition and density of canopy! sub-ca~opy 
and shrub tiers are necessarily long-term except in the erent of 
local catastrophe", As expected! on remeasured plots, little 
change in these respects was detected over the short-term period 
1956/57 - 1962/630 It is on the milacre plots that short-term 
changes j other than such things as the regrowth of epicormics or 
the recovery of hedged shrubs and saplingso are likely to show upo 
Analysis of the data from the milacre plots confirmed the 
survey impression that there had beEn a major reduction in the 
frequency of animal droppings~ In 1956/57 0 out of a total of 
875 milacre plots, deer pellets were present on 374 and chamo~s 
pellets on 1520 By 1962/63 these totals~ for the same milacres, 
had fallen to 65 and 8 respectivelyo This fall was fairly uniform 
over the full forest altitudinal range in the case of red deer 
but for chamois it was most marked at altitudes below 3,500 ft .. 
Similarlyo for both species, the decline was fairly uniform 
throughout the forests of all sub-catchments with the exception 
of the Upper Waimakariri (above Bealey) where, however, sus-
piciously low numbers had been recorded in 1956/57. Pig and 
sheep droppings in the forests inhabited by these animals, had 
also fallen in frequency of occurrence to a comparable degree .. 
In comparison with this evidence of a sharp overall decline 
in animal numbers., the milacre plots provided little evidence pf 
an overall vegetation response" There was an overall·.increase 
of four per cent in the number of plots containing mountain beech 
seedlings {a figure rising to 7-8 per cent in mid-slope forest} 
and~ in high rainfall forest, there had been a 6-14 per cent 
increase in the number of milacre plots containing seedlings of 
broadleaf, Neopanax colensoi and No simplex~ Such data must, 
however, be treated sceptically because of difficulties in 
sampling and because of the possible or probable operation of 
factors other than animal controlo Comments recorded on plot 
forms that the seedlings of highly palatable species present in 
1956/57 were almost entirely in ,the 2-4 leaf stage whereas many 
in 1962/63 had advanced unbrowsed to the 8-12 leaf stage, must 
be regarded as of greater significance~ The data from the_ 
milacre plots also suggested that there had been a substantial, 
decrease in the amount of soil exposure in the forests, a decrease 
probably attributable to accumulation of litter on animal trails, 
but methods of measuring this are so inaccurate that, again,'the 
data must be accepted with scepticism. 
All told~ the plot data do no more than lend support to 
Plate 22 
Channel conditions typical of major streams draining areas of severely 
depleted forest, subalpine scrubland and alpine grassland. Severe 
aggradation and channel enlargement between 7956, when a forest plot, 
now destroyed, was established at this point, and the date of photo-
graphy (7965). 
photo G. Roberts, N.Z. Forest Service 
Plate 23 
Channel conditions in a minor stream rising wholly within severely 
depleted forest. Severe scouring and gravel deposition on banks point 
to a rapid recent increase in flood flows. 
photo G. Roberts, N. Z. Forest Service 
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the resurvey conclusions that a major reduction in animal popu-
lations had been achieved by 1962/63 but that, though there were 
initial indications of vegetation response~ this response had 
rarely, as yet, been a significant one~ 
It is not known for how long animal numbers must be held at 
their present low levels for the full restoration of satisfactory 
cover conditions, nor, in fact, whether full recovery is possible 
on all sites as a consequence of animal control alon~& The 
example of Craigieburn Forest suggests that a minimum period of 
at least 15-20 years must elapse before the reversal of downward 
trends in strongly depleted high altitude forest becomes evident, 
while other research under way in Craigieburn Forest indicates 
that the secondary consequences of advanced forest depletion (e$g. 
changes in forest micro-climate u in soil moisture regimes 0 in 
the incidence and type of soil freezing, in plant nutrient 
availabilityo in soil microbiological activity, or in insect 
populations) mayu in some cases~ be so far-reaching that downward 
trends are reversible with difficulty if at aIle Throughout, 
the emphasis must be on the condition and trends in the condition 
of high altitude forest because this is where conditions for 
plant growth (and forest recovery) are most difficult and where 
erosion potentials are highest and the consequences of erosion will 
be most severe 0 
CHAPTER 8 .. 
ANIMALS 
8.1 INTRODUCED WILD AND FERAL MAMMALS 
8 .. 1 .. 1 Species 
Table 8 .. 1 lists the introduced wild and feral mammals present 
in the catchment. 
TABLE 8.1 
Introduced wild and Feral Mammals 
Red deer 
Chamois 
Thar 
Feral pig 
Feral sheep 
Feral cattle 
Australian opossum 
European rabbit 
European hare 
Feral cat 
Black rat 
Brown rat 
Stoat 
Weasel 
Ferret 
Hedgehog 
Mouse 
Red Deer 
Cervus elaphus 
Rupicapra rupicapra 
Hemitragus jemlahicus 
Sus scrofa 
Ovis aries 
Bos taurus 
Trichosurus vulpecula 
Oryctolagus cuniculus 
Lepus eurapaeus 
Felis catus 
Rattus rattus 
Rattus norvegicus 
Mustela erminea 
Mustela nivalis 
Putorius putorius 
, 
Erinaceus europaeus 
Mus musculus 
Five stags and 14 hinds were liberated on Mt. White 
Station in 1908-09. The herd increased rapidly, spreading 
into the Esk by 1916, Craigieburn Run by 1917, the headwaters 
of the Poulter by 1919, and into the White and Crow by 1923. 
Animals from this herd had met and intermingled with animals 
from the Rakaia herd on Grasmere, Flock Hill and Craigieburn 
Stations by 1922. 
By 1918 there were sufficient deer to support trophy shoot-
ing. Three licenses to shoot stags were issued in that year, 
and numbers increased to ten by 1925 when there were expressions 
of local concern over increasing competition with sheep. 
Largely as a result of this concern, protection was removed 
from deer on run country to the east of the Cass river and 
Puketeraki Range in 1924. :' ':By. 1930 protection was removed from 
deer and chamois over the entire catchment. 
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Chamois 
Chamois were first liberated in the Mt. Cook region 
during the years 1907-14. They increased and spread rapidly, 
reaching the Waimakariri river headwaters (Crow and White rivers) 
by 1934~ Their spread throughout the remainder of the catchment 
was equally rapide 
opossums 
It is not known when opossums entered or were liberated in 
the catchments In 1930 the North Canterbury Acclimatisation 
Society reported that while opossums in its district ranged from 
sea-level to 4 Q 500 fto they were in danger of extermination by 
trapperse From 1931-45 there was an open season of three months; 
in 1946 a six-months open season was allowed; and in 1947 all 
restrictions on trapping were removed 0 Pracy (1949) reported 
that opossums from a liberation in the Hurunui river catchment 
had spread into the East Branch of the Poulter and into the Esk 
where they had mingled with animals that had spread westwards 
from a liberation point in the Ashley river catchment~ Animals 
from a private liberation in the Taramakau had spread southwards 
into the ArthurOs Pass area~ He later reported (1963) that the 
distribution of opossums throughout the catchment was complete. 
Hares 
Hares were liberated on Banks Peninsula in 1851. Their 
subsequent spread is not recorded but appears to have been very 
rapid~ They probably entered the catchment soon after its 
occupation by sheep~ They are now found throughout the grass-
lands at all altitudes 0 
Rabbits 
For some unknown reason, rabbits never reached plague 
proportions in this catchment~ They have been present in small 
numbers or in restricted areas, mainly on well-drained river flats, 
for many years but have not spread from these areas. 
Feral Sheep 
Sheep have periodically gone wild g and in 1956 there were 
considerable numbers on the Puketeraki Rangec 900 were shot 
between· .. 1957 and 1959~ 
other Species 
Feral cattle were once present on Mto White and Lochinvar 
runs (Newton 1952) but" in 1956-57'u only very old signs could be 
found .. ' 
Small numbers of feral pigs have been present for many 
years, mainly in the Waimakariri gorge area, in the lower reaches 
of Broken River and, locally, in the Esk and Poulter valleys. 
stoats, ferrets and weasels are known to be present. They 
appear to prefer open 0 low-rainfall country. Black and brown 
rats were probably well established in the catchment before its 
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occupation by Europeans. They are reported to have been abundant 
in the early years of settlement but are now extremely rare. 
Mice are present throughout the catchment at all altitudes 
but numbers fluctuate greatly from year to year. Peak numbers 
are reported to occur following years of heavy beech forest 
seedfall~ 
Feral cats are occasionally found in low tussock and mata-
gouri scrub country of the drier valleys at low altitudes. 
Hedgehogs were liberated in Canterbury in 1870 but it is 
not known when they reached the waimakariri river catchment nor 
is it known how abundant they really are. It is possible that 
they are still spreadinge 
Thar were liberated at Mt$ Cook in 1904-09 but have spread 
northward much more slowly than chamois. In recent years there 
have been a few reports of bull thar shot or seen in the 
Waimakariri headwaters but so far no females have been reported. 
8.1.2 Impact of introduced wild and feral mammals on the 
catchment 
The effects of introduced wild and feral mammals on the 
occupied tussock grasslands of the catchment are inextricably 
confused with the effects of fire and of grazing by domestic 
animals. Their effects on the forests, subalpine scrublands 
and unoccupied alpine grasslands ar~. described in sections 7.8.1 
to 7" 8 ~4 0 '. 
80103 Control of introduced wild and feral mammals 
The wildlife Act.1953 declares the following animals (inter 
alia) to be noxious~ Ired deer, chamois, feral pigs, opossums, 
tharG The Noxious Animals Act 1956 gave responsibility for 
control of these animals to the New Zealand Forest Service. 
Prior to the passage of this acto responsibility was vested in 
the Department of Internal Affairs" 
Official control 'ope.rations :in',this:'.catc.nment.have.re.s.ulted 
lu.a kill of .... '? 5 to8.."Q .. ai1imals~ .. a. day.,. s.even .days·,: ·.a: .week. for ... 
~4 . year.s.: (App~ndix 8.1) . 
control of Red Deer 
From 1924-33 the Department of Internal Affairs paid a 
bounty on all deer destroyed in areas removed from protection. 
Over the period 1933-37, the Waimakariri River Trust undertook 
control operations u employing hunters under the supervision of 
the Department of Internal AffairsG Although the records have 
been lost, it is known that 2 0 885 deer were shot in 1933, i.e. 
25 years after the first liberationG 
From 1937-52, the Department of Internal Affairs carried 
*Includes feral sheep and pigse 
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out intermittent control operations.. Regular annual campaigns 
were carried out between 1952 and 1956.. Records prior to 1952 
have been lost by fire. All data for the years 1952/53 to 
1956/57 are included in Appendix 8~1~ 
Since 1956/57 year-round hunting has been undertaken by 
the Forest Service.. (The results are shown in Appendix 8.10) 
All told i over the period 1952/53 - 1965/66 g 27,925 red deer 
were destroyed~ This includes only animals shot in the course 
of official control operations~ It does not include animals 
shot by private hunters or station employees. 
The manpower required to achieve the present level of 
control has varied from season to season and from year to year. 
In general 0 three teams each of two hunters, each team operating 
over a defined portion of the catchment 0 have been employed .. 
RecentlYD however u because of the steady reduction in kills per 
man-day 0 the most practical way of maintaining control has been" 
to use a mobile team of four hunters operating over the various 
sub-catchments in rotation $ The reduction in kills per man-
day (Appendix 8 .. l) is considered, to reflect an increasing 
scarcity of animalso However~ the picture is somewhat confused 
because of the increasing wariness and wide dispersion of 
the remainder" Fluctuations in man-day kills from year to year 
can be explained by changes in personnel D change,s in the dis-
tribution of hunters within the catchment and changes in emphasis 
from the hunting of deer to the hunting of chamois.. Currently, 
there are no known areas of high red deer concentration. 
Poisoning of deer has been tried in the adjoining Ashley 
river catchment where there are areas of high red deer concen-
trations Although these operations have been moderately success-
ful D poisoning is not considered to be a promising technique for 
the control of the sparse and widely-scattered populations in 
the Waimakariri river catchment today .. 
control of Chamois 
until 1956 6 chamois were killed as encountered by hunters 
of the Department of Internal Affairs" From 1939-1949 that 
DepartmentDs !!Flying Gangi! carried out additional special chamois 
cont'rol operations along the eastern side of the Southern Alps 
from the Rangitata to the Waimakaririo All records of kills 
prior to 1952 haveagain p unfortunately, been lost or destroyed 
by fire. Kills since 1952 are listed in Appendix 8 .. 1. The 
total number of chamois killed over the period 1952/53 - 1965/66, 
was 9 0 4040 Again this figure excludes animals shot by private 
hunters or station employees~ 
control of other Species 
Apart from limited trapping around ArthurDs Pass village 
and spot-light shooting along roadwayse no control of the spar~e 
opossum population has been attempted.. Likewise, no hare control 
has been attempted within the catchment proper. Prior to 1965 
the Plains Rabbit Board controlled rabbits on land in the Kowai 
river catchment.. within the National Park i Park Rangers and 
Forest Service staff have carried out small-scale operations as 
required.. In 1965 the Tawera Rabbit Board was formed to provide 
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rabbit control over the entire catchmente Feral pigs and sheep 
have been destroyed as encountered in operations against deer and 
chamois with occasional special campaigns against feral sheep 
in Oxford Forest. 
8.2 BIRDS 
Appendix 8~2 lists 64 n~tive and introdu~ed birds fciund~in 
th~ catchmente 
8s3 INSECTS 
8.3.1 Insects of the tussock grasslands 
White (1964) studied the insect population at Cass. He 
recorded 805 species and attempted to assess the economic im-
portance of each to the tussock grasslands. The study showed: 
"that the insect fauna associated with tussock grasslands is 
both diverse and extensive! not only are most orders present 
but most are well represented by a range of speciess Although 
some of these species have only an indirect association with 
the grasslands, the majority are in effect directly associated 
either as plant and carrion feeders or as parasites and predators. 00 
Although the range of species may differ from one grassland to 
another, it is likely that the same orders and families (and 
even certain genera) which are a feature of the Cass fauna, 
also characterise the fauna belonging to other tussock grasslands." 
Kelsey (1957) noted 45 insects that fed on the tussocks in 
the low-tussock grasslands 0 He concluded that the root feeding 
insects were more important than the leaf feeders~ 
Kelsey (perse comms) suggests that the Lepidoptera are the 
most important leaf eating insectso The three species of 
Porina (Wiseana cervinata l We umbraculata and W. despecta) that 
are the major caterpillar pest's of sown pasture, also cause the 
most trouble in the tussock grasslandss He showed that Wiseana 
can be responsible for a complete loss of inter-tussock growths 
Grass grub (Costelytra zealandica) was the most important 
root feeding insect, but, other species have caused severe Jocal 
losseso The effects of grass grub appeared to be two fold. 
They were frequently responsible for the loss of vegetation, and 
it was probable' that they were responsible for the non-establish-
ment of seedling plantso Second, they tended to make the top-
soil more friable and consequently more susceptible to frost lift. 
Investigationsby that author indicate that seedling estab-
lishment is unlikely in the prese~ce of grass grubs, even at 
low infestationse By comparison,' a marked increase in inter-
tussock growth was recorded where areas had been treated with 
insecticides 
Robson (1961) showed that despite increased fertiliser 
application there was no noticeable improvement in pasture until 
DeDoTe and clovers were usedo 
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Kelsey (pers0 coromo) comments that there are big gaps in 
the knowledge of the entomological aspects of tussock grassland 
development $ However, two pounds of D.DoT. per acre provides 
a low co:st control of grass grub, porina, army worm, and cram:bid 
caterpillars. These are the four main insect pests which pre-
vent the establishment of continuous vegetation over a large area 
of the low tussock grasslande 
The insects of the Waimakariri beech forests have not 
b,een studied in detail. The following, however, are thought 
to be of major significance .. 
Platypus spp" 
These are pinhole borers which attack living trees, intro~ 
ducing a fungus into the stems 0 Heavy attack leads to the 
death of the trees, apparently through the action of the fungus. 
Light to moderate populations of these insects occur throughout 
the beech forests, with local heavy attack on individu~l trees 
or groups of trees$ 
Nascioides enysii* 
This buprestid calno:iunib.or.er also occurs throughout the 
beech forests, attacking living trees. Extensive mortality may 
follow but recent advice (JeS.nugda1e, perso corom.) indicates 
that attack by Nascioides may generally be secondary to attack 
by Platypus" 
Odontria halliio 
This scarab, allied to the grass grub Costelytra zealandica, 
has recently been found (J.A .. Wardle, pers. corom.) in very large 
numbers in heavy depleted high altitude beech forest8 The aqults 
are foliage feeders o the larvae feeding on rootlets. It may 
well be one of the main factors responsible for the slow response 
of high altitude forest to control of introduced grazing mammals. 
CHAPTER 9. 
HYDROLOGY AND FLOODING 
9.1 STREAM FLOW 
Recording stations 
stage heights have been recorded at the Waimakariri Gorge 
Bridge since 1929 and at the highway bridge, Belfast, since 1956. 
Records are available for the Otarama Gorge from 1923-40 and from 
1962. 
While the stage height records are accurate, the shifting 
bed at the Waimakariri Gorge and the removal of shingle from 
the riverbed at Belfast make it impossible to obtain an accurate 
relationship between stage height and discharge. 
stream hydrographs 
Figs 9.1 and 9.2 show the stage hydrographs for 1964 and 
from the storm of 26th-27th December, 1957. These figures 
indicate that maximum flow at the Waimakariri Gorge occurs 
within 24 hours of the commencement of heavy rain at Arthur's 
Pass. This indicates that stream flow is extremely IIflashy" 
for a basin of this size. This behaviour suggests: 
1. that the upper catchment has a low storage potential, 
2~ that much of the stream flow comes from surface runoff 
and rapid subsurface flow~ 
Low Flows 
Because of changing bed conditions the low flow level at 
the Gorge Bridge (new recorder) varies from 810-812 feet m.s.l. 
from year to year, and there is no constant relation between 
level and discharge. The minimum recorded flow was 1462 cusecs 
on 6/5/600 
9.2 FACTORS AFFECTING QUALITY q QUANTITY, AND TIMING OF STREAM 
FLOW 
Gillingham (1964) studied the infiltration properties of 
a Tekoa soil under diverse conditions of vegetation at Porter's 
Pass (Rakaia catchment) . He found that retirement from grazing 
for 15 years resulted in an improvement of the soils infiltration 
properties~ However, the improved status did not equal that of 
an adjacent area with a history of very little grazing. 
Eiselstein (1966) investigated factor analysis as a 
technique of establishing rainfall-runoff relationships involving 
the surface characteristics of a catchment. His data came from 
17 runoff plots maintained by the New Zealand Forest Service in 
the Craigieburn Rangec Although much of the data was inadequate 
he drew some general conclusions to give an indication of the 
relative importance of the factors involved in the runoff process. 
However, that author cautioned that his results applied to 
plots, and there£ore must not be interpreted as applying in 
qeneral to the Waimakariri catchment. With this proviso he 
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found that: 
l~ Rainfall characteristics appeared to be the primary 
factors which influenced runoff in the Camp Stream catchment. 
2.. Antecedent moisture factors appeared to be insignificant. 
The author was somewhat surprised that the antecedent moisture 
variables were not of primary or secondary importance, but 
suggested that this may be attributed to the lack of soil 
moisture data# and other inforrnation~ 
30 Site factors appeared to be highly significant. Slope, 
aspect, litter l per cent litter and organic matter cover, per 
cent erosion pavement and scree covera and vegetation index 
assumed values and senses moreo~ less as expected. 
However, a paradoxical situation was noted with respect to 
per cent vegetative covero Whereas it is generally assumed 
that per cent vegetative cover and runoff are inversely related, 
the results of the Camp Stream data indicated that that as 
plant cover increases e so does runoff 0 
Results also indicated that as elevation increases, runoff 
decreases~ Again this is opposite to the situation assumed to 
exist in this class of country 0 
4.. Soil Factorso The contribution to runoff of 
characteristics such as macroporosity, texture, depth and 
aggregate stabilityg was in general in the expected direction~ 
Eiselstein also made general comments on the hydrologic 
effects of vegetationa 
I.. Mountain beech forest.;.. uIn general it appears that the 
beech forest of the Camp Stream basin is not decreasing total 
runoff, but is preventing soil 10ss,,11 
2c Snow-tussock grassland - Ii .. o • it appears that snow-
tussock grassland tends to reduce runoff to a relatively greater 
degree than mountain beech forest,,!! 
3. Scree and bare soil. Results indicate a direct 
relationship between runoff and per cent scree cover. Results 
also indicate that scree surfaces are responsible for the larg-
est amount of runoff of the surfaces studied. However, since 
only two scree plots and one bare soil plot were included in 
the study, conclusions concerning the hydrologic effects of 
these surfaces are somewhat limited~ 
These comments suggest that the generally accepted ideas 
about the hydrological effects of beech forest and snow-tussock 
may not apply in Camp Stream a and indicate the need for further 
investigation .. 
9.3 FLOODING 
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river .. !! Lyttelton Times 12 February, 1859. 
9~3.1~Flood Frequency 
An analysis of 235 floods between 1929 and 1964 indicates 
that 60% of these floods occurred during the period October to 
F~bruary (Fig 9.3.) . 
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The flood frequency analysis (Fig 9.4) shows that 50% of 
all floods will equal or exceed a Waimakariri Gorge stage height 
of 817 0 mos.ls {This assumes a status quo for catchment con-
ditions.} Ten percent of all floods will equal or exceed a 
stage height of 820 0 m.s.l. From 1929-1964 four floods over-
topped the banks and spread into the surrounding countryside. 
Stage heights at the new gorge bridge recorder were, or would 
have been: 
1936 
1940 
1950 
1957 
9~3.2 The Cause of Floods 
822.4' mos.l. * 
823.25' m.s.l. * 
822.45 u m.scl. * 
823.4 m.s .. l .. 
Fig. 9.5 illustrates that floods are most commonly caused 
by storms of north westerly origin.. Southerly storms may 
produce high total precipitation in the east of the catchment 
but rarely produce floods. An analysis of 273 floods or 
freshes from 1954-1964 showed that only 12 could be attributed 
to southerly type storms .. 
9.3.3. Sediment and Bedload Movement 
Suspended sediment 
The North Canterbury Catchment Board has made one measure-
ment of suspended sediment at Belfast. There were 7,360 parts 
per million of sediment in a measured flow of 48,900 cusecs. 
This is about 10 tons of suspended sediment per secondc 
Aggradation 
Dalmer (1965) noted that most Canterbury rivers grade steeply 
to the sea. However, the Waimakariri flattens about 10 miles 
from its mouth, and is tidal for the last three miles. Overflows 
are possible in the last 20 miles, and are most serious where 
the river is aggrading. 
Aggradation occurs principally between two miles and eleven 
miles from the sea, but is greatest half a mile above the highway 
bridge (Belfast) p where the mean bed level increased by three and 
a half feet between 1930 and 1955. Reid (1960) reported that the 
annual rate of aggradation varied from 110,000 to 200,000 cubic 
yards.. As a result the 1960 low water level at the highway 
bridge had increased by five feet on the 1939 level. For 
medium floods the increase in water level was about two feet. 
* obtained by correlation 
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However, Dalmer (op .. ci.t.,,) reported that between 1960 and 
1965, 103 million cubic yards of gravel were removed from the 
river near the highway bridge for commercial purposes.. This 
lowered the mean bed level at the bridge by three feet, and 
temporarily took bed conditions in this area back to those 
of 30 years ago. 
He considered control of the sediments was the answer 
to the control of overflows. 
Bed load movement. 
This has not been measuredo 
9 .. 3.4 Flood Damage 
Dick (1960) estimated that the direct losses from flooding 
between 1940 and 1959 amounted to £742,000 (1960 monetary values) • 
Of this o £292 0 000 was caused by three major floods which 
overflowed into the surrounding countryside~ The remaining 
£450,000 was largely the damage done to the protective works 
by smaller floodse The average annual cost of flood damage 
was therefore in the order of £37,000, of which approximately 
60% can be attributed to smaller floodsQ 
903.5 Flood Protection Works 
Dick (op" cit .. ) estimated the 1960 replacement value of the 
flood protection works at £5 million. Despite this, however, 
concern was expressed between 1950 and 1960 with the ability 
of the lower reaches to provide safe discharge for floods likely 
to occure The safe discharge of the protective works was 
100,000 cusecs, but four floods bigger than this overtopped the 
banks in the preceeding 25 years. 
In 1960 the North Canterbury C~tchment Board adopted the 
Waimakariri River Improvement Scheme (1960). The proposals 
allowed for the sa"fe discharge of up to 167,000 cusecs. The 
return period of such a flood was estimated at once every 100 
years. The works should cost slightly more than £1 million 
and would be effective for 25 years.. They would substantially 
reduce the threat of flooding to an area with an approximate 
capital value of £225 million (1960) e 
;~ J \. 


CHAPTER 10. 
POPULATION 
Table 10.1 shows that on April 18th, 1961 the catchment's 
population was approximately 330. This population in general 
depends on the Railway, Roads Board and farming industry for 
its livelihood. As road workers and musterers are employed 
on jobs of short duration, census night figures may not show 
the permanent population. 
TABLE 10.1 
Population distribution within the catchment 
Locality 
Arthur's Pass 
Bealey 
Cora Lynn 
Cass 
Grasmere 
Mt .. White 
Craigieburn 
Avoca 
staircase 
Flock Hill 
Castle Hill 
Mt .. Torlesse 
Kowai Bush 
(Village and district) 
Farms within Kowai 
catchment 
Population 
71 
3 
13 
38 
8 
15 
17 
15 
6 
16 
9 
13 
54 
278 
50 
328 
'-,l03-
Remarks 
Mainly railway 
Railway 
Railway and Roads 
Board 
N.Z.Forest Service 
staff? 
Railway and run 
Mainly railway 
Mainly railway 
CHAPTER 1l.. 
COMMUNICATIONS 
Fig 11.1 shows road and rail communications within the 
catchment. 
The main road to ~he West Coast was opened in 1866 but it 
is only in recent years that its quality has been improved. 
Currently the Main Roads Board is undertaking a programme of 
widening, sealing and bridging. Tawera County maintains all 
side roads. 
The Midland or West Coast railway line reached Broken 
River in 1906, Cass in 1910 and Arthur's Pass in 1914. Rail 
communications between Canterbury and Westland were made 
possible when the Arthur's Pass Tunnel was opened in 1923. 
The only manned station in the catchment is Arthurfs Pass. 
Craigieburn, Avoca, and Cass are sidings. 
TABLE 11.1 
Distances from Christchurch by Road and Rail 
Darfield Sheffield Springfield Castle Cass Mt.White Arthur's 
Hill Hanestead Pass 
Rail 30 38 44 - 72 - 87 
Road 29 38 43 62 79 97 95 
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CHAPTER l2~ 
AGRICULTURAL AND PASTORAL LAND USE 
12,,1 AREA 
Only 55% of the catchment is used for agriculture or grazing. 
Of this! eleven runs occupy 299 Q 624 acres o and twelve farms 
occupy 4,440 acreso The largest run is 120,000 acres and the 
smallest farm on which the owner works full-time is 200 acres. 
Three farms and one run are operated on a part time basis. In 
addition there are several sections of up to ten acres on which 
the owner runs a few sheep or a cOW$ For the purposes of this 
study, a farm is considered to be an area in excess of 50 acres. 
Table l2~1 shows the number of holdings within ten size classeso 
On each property the area used for grazing or agriculture is 
assumed to be the same as its total area® Two runs are an ex-
ception to this, in that they are giving up former grazing lands 
for the purpose of soil and water conservation~ These properties 
will be reduced from about 40 g 000 acres to 18,000 acres and from 
about 30,000 acres to about 170000 acres. 
12,,2 TENURE 
l2~2.1 Administrative Authorities 
Table 1202 shows that agricultural and pastoral land within 
the catchment is held under a variety of tenures and is adminis-
tered 'Py several authorities~ It shows that more than 90% of 
the agricultural and pastoral land is leasehold" The freehold 
area consists of farm land in the Kowai catchment and areas 
around most station homesteadso 
Despite the fact that most of the land is leasehold, the , 
runholders have strong proprietary interests in their holdings./ 
This is shown in part by Table 12~3~ This table shows the area 
of freehold land worked in conjunction with each leasehold run.;" 
-12.,2,,2 Rentals 
Each authority charged an annual rental for the land it 
leasede The method by which the rentals were assessed is des-
cribed in appendix 12020 Table 1204 shows the amount returned: 
annually to each authority~ It also shows this sum expressed 
as a percentage of the Government unimproved value" 
Assets invested in Government gilt-edged securities would 
return about 5% (1965) ~ This table shows that the returns on 
the value of each authorityU s assets did not equal five per cento 
12,,3 FARMING SYSTEMS 
The importance of environment in dictating the farming 
system is well demonstrated in this catchmente 
'~lO·g.-
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TABLE 12.1 
Number of properties within size classes 
Size of holdings Number 
Larger than 100,000 acres 1 
50,000 100,000 acres 0 
25,000 50,000 acres 3 
10,000 25,000 acres 4 
5,000 10,000 acres 3 
2,000 5,000 acres 0 
1,000 2,000 acres 2 
500 1,000 acres 1 
100 500 acres 6 
50 100 acres 3 
TABLE 12.2 
Tenure, area and administrative authority of agricultural 
and pastoral land within the Waimakariri catchment. 
Tenure Administered by 
Freehold Owner 
Pastoral lease Lands Dept. 
Past .. Occ"Lic. II II 
Other " " 
Leasehold 21 yrs Canterbury 
University 
1,1 1 yr or 21 yrs Arthur I s Pass 
National Park 
. 1 yr or 5 yrs 
Annual lease 
N.Z.Forest Serv~ce 
N.Z.Railways Dep~. 
Selwyn PlantatioJ 
Board 
County Councils 
Area 
25,433 
192,789 
19,250 
4,563 
64,037 
7,377 
6,405 
360 
107 
27 
320,338 
% of total 
7.9 
60.3 
6.0 
1.4 
20.0 
2.3 
2.0 
0.1 
100% 
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TABLE 12.3 
Area Of leasehold and freehold land of each run within 
the Waimakariri Catchment 
Run 
1 
2* 
3* 
4 
5* 
6 
7 
8* 
9 
10 
11 
Area 
Freehold 
9,054 
6,630 
2,847 
1,676 
1,436 
1,371 
862 
568 
* Property includes land outside catchment 
TABLE 12.4 
Area 
Leasehold 
5,740 
19,464 
118,175 
6,923 
38,620 
29,170 
18,205 
7,757 
15,950 
35,094 
'Rentals returned to lessors in the Waimakariri Catchment 
Authority 
Crown 
(Lands Dept) 
Crown 
Unimproved value of 
land leased. 
1960 1965 
£ £ 
64,295 96,405 
(Forest Service)3,385 4,225 
Canterbury 
University 36,270 49,650 
Railways 600 700 
Selwyn Planta-
tion Board 670 1,445 
* Part based on estimate 
Annual 
Rental 
£ 
2,338 
124 
1,298 
26* 
31 
Percentage return on 
unimproved value 
1960 1965 
% % 
3.6 2.4 
3.7 2.9 
3.6 2.6 
4.3 3.7 
4.6 2.1 
ie' 
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1. The Runs 
In general the harsher the environment, the larger the 
property, and the more extensive the farming sY$tem. The 
twelve runs are each of substantial area and their stock graze 
extensively on native pasture. Their incomes are derived 
principally from wool and store stock. Fig l2Dl shows the 
location of each run. 
2.. The Farms 
The eleven farms are found in the more favourable climatic 
and topographic environment of the lower Kowai catchment (Fig 12.1) 8 
They occupy arable land and the stock graze on improved pasture. 
Their incomes are derived from wool and fat stock and may be 
supplemented by dairy produce or grain crops. 
12,,4 LIVESTOCK 
12.4.1 Sheep 
For the period 1961/62 1962/63 1963/64 (hereafter called 
the study period) 82,600 sheep were grazed in the catchment; 
70,000 on the runs and 12,600 on the farms. 
Breed., ' 
On the runs the fine wool breeds were almost equally re-
presented~ 
Merino 23,000 
Halfbred 26,000 
Corriedale and halfbred 
with'Corriedale rams 21,000 
On the farms there were 8,300 Romneys and 4,200 halfbreds 
(4uOOO of these were in one flock) .. 
Classes 
Table 1205 shows that on most runs wethers were 33-38%, and 
ewes 30-50% of the flock. 
The larger fa~ms carried self replacing ewe flocks. The 
others bought in old ewes each year and turned over about half 
their flock annuallye 
12 .. 4 .. 2 Cattle 
During the study period 2,.120 cattle were grazed in the 
catchment.. 1,750 of these wEfre grazed on the runs (1,075 on 
two of them) 8 All but two farms c~rried cattle, although on 
five properties they were either ~mall dairy herds or house cows. 
Breed 
52% of the cattle were Aberdeen Angus and 3go~ were He'reford. 
The remainder Were Shorthorn-cross or dairy cows. There were no 
Galloways" 
Classes 
Slightly more than half of the cattle were breeding cows. 
The rest were principally young breeding replacements. Only 
one property ran a significant number of steers. 
l2~4.3 Other stock 
Two part dairy fanms ran a few pigss 
12.5 PASTURES AND CROPS 
12.5 .. 1 Pasture 
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There are approximately 304,000 acres of pasture used for 
grazing" 
Of this 288,000 acres are native pasture 
6,000 acres are improved native pasture 
10,000 acres are farm and run paddocks. 
The 16 0 000 acres of improved pasture represent about 15% of 
country potentially available for improvement. 
12.501.1 Native Pasture has been described in Chapter 7. 
Pasture improvement was carried out by regrassing after 
cropso overdrilling, or aerial oversowing and topdressing .. 
l~ Plant species used for oversowi~g 
White clover was the plant most commonly used. Alsike 
and red clover were frequently used in the first sowing, but 
neither seemed to persist in this area. A common mixture was 
2-4 Ib of white clover, 1-2 lb of red clover, and ~-l lb of 
alsike per acre.. Clovers were usually inoculated but seldom 
pelletede A pound or two of clover/acre was often included in 
a later maintenance topdressinge 
Cocksfoot at 2-5 Ib/acre was. the only grass seed used. 
Its establishment appeared to be slow, and in general it did 
not contribute significantly to the sward. The best sites for 
establishment were reported to be scrubby areas and loose scree 
margins", 
2$ Plant species used for drilled pasture 
These were mainly mixtures of red and white clover, perennial 
ryegrass and cocksfootb Small amounts of timothy and crested 
dogstail were often added 0 
Plate 24 
Dry Creek (Porter Catchment) 
This plate shows the value of sunny country in times of snow. The sunny faces are the first to 
clear, and therefore provide the safest grazing for stock. 
Plate 25 
The Ribbonwood Fan. 
The fans and lower mountain slopes are well suited to improvement. 
and topdressing has been both productive and profitable. 
On this block, oversowing 
photo J. H. Stone 
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3@ Fertiliser used 
Most farms were topdressed with 1-2 cwte of superphosphate 
each year~ Only a few farmers regularly used D~D.Te 
The fertiliser policy on run country varied widely$ On 
hill country: 
five properties did not topdress 
four i topdressed regularly 
one 8 gave up because it did not seem to show 
extra profit 
one~ recently topdressed a small burnt area 
On run paddocks ~ 
one property had no area suited to cultivation 
seven, regularly topdressed 
one~ only when sowing new pasture 
one, depended on the income from the last years 
wool cheque 
one~ never topdressed 
Improved tussock blocks were most frequently used to carry 
lambs from weaning until supplementary feeding started in the 
winter 0 Other uses included lambing two tooths, and winter 
grazing for either hoggets o two tooths@ ewes and lambs, or calves. 
Some such blocks were grazed by ewes and lambs, and/or cows and 
calves during spring and summere 
Table 12,,6 shows that on the runs most topdressed tussock 
blocks carried ~ to 2/3 sheep equivalent per acre~ Two pro-
perties at lower altitudes carried l~ sheep equivalent per acreo 
Although there was a two or three fold increase in grazing after 
topdressing, no blocks were really intensively used. Most run-
ho.ld.er.s were sat..isfied. if. they got.. improved··.st6c~ pe:rformance ... and 
and ,.;ex.tendedgrow.iI).g, se.ason, .:r.atheor _~th.an :'.an o;incre.ase in s.tock .. numbers. 
However 0 they were not convinced that the profitability of over-
sowing and topdressing justified its large scale adoption 0 The 
problems of ' improvement such as stock health, man~gement, and fin-
ance were frequently cited® 
12.,5,,2 Crops 
l2~5~2el Forage, Cash and Catch crops 
The most common crop was turnips for winter feed but small 
areas of choumoellier and swedes were also grown~ The quality 
of the crops was very variable and depended on soil fertility 
and the season~ Of 950 acres of turnips grown each year, eight 
runs each grew between 40 and 200 acres, and three runs grew 
none at all" 
Cash cropping was limited to one run, the farmland of 
which was outside the catchment~ Over all farms cash cropping 
was not important.. It amounted to 25":".30% of the total income 
on only three properties0 
Most runs harvested a small area of grass or clover seed 
in a good season, and ret~ined it to spread on the hill country. 
On the farms grass and clover seed were regarded as Gatch crops 
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and were harvested only in good seasons. 
On the farms, grain, pulse, and potato crops amounted to 
about 150 acres each year. 
1205.2$2 Hay and silage 
Seven runs made hay and three bought in their small require-
mentsm One run used no haya All farms made hay but only one 
property regularly sold it. Red clover pasture was relied on 
for hay. Young pastures were relatively successful for hay in 
this fairly high rainfall area and 100 bales per acre could be 
made from one cut~ Most properties had a lucerne paddock but 
because of grass invasion it was usually in a run-out conditione 
It often took three cuts to get 100 bales per acree 
One run occasionally made oat hay and silage. The silage 
had been kept for up to ten years before it was fed to cattle. 
In 1963 one farm made 120 tons of vacuum silage from 12 acres 
of red clover pasture. This was fed to 40 yearlings for three 
months. 
12$5,,3 Weeds 
Fathen and spurrey were the principal weeds of forage crops, 
and heavy infestations frequently reduced yields. Few crops 
were sprayed and frequent summer cultivation for weed control 
was not possible or desirable because of the risk of wind blow. 
The high summer rainfall accentuated the weed problem 0 No 
properties sprayed for weeds or grass in lucerne. 
Only one property had made a continuous attempt to eradicate 
'gorse fJ broom fJ or brier.. All other properties had made token 
attempts at control.. Helicopters and aeroplanes had in some 
cases been used in operations costing several hundred pounds. 
The limited success of these may have often been partly a'ue to .the 
lack of .21. fol+ow~up .. sp~aYing.inthe next season ..... Unfortun~tely the 
most effective period for spraying (October to December) is 
also the period of continual north-west winds. 
Gorse covered many hundreds of acres of lower hill country 
and in two cases large scale eradication was said by the occupiers 
to be outside their resources" Those runs with a gorse problem 
on arable land made some attempt to control it by cultivation. 
l2 .. 6 FEEDING SYSTEMS 
;12 .. 6",1 Extensive grazing with no supplementary winter feed 
Three properties operate in this manner. 
I. On one there is a good proportion of winter country, and 
stock thrive reasonably well over the winter on native vegetation. 
This property carried a large flock/and supplementary feeding 
Of even the young stock would require a considerable area of 
crop.. The property is not geared to cropping and its current 
prosperity and simplicity of management offer no inducement to 
~~~o 
,: 
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TABLE 12.5 
Percentage of Ewes and wethers in Run flocks 
Flock size Percentage Ewes Percentage wethers 
*5,577 
8,641 
8,100 
*5,549 
1,463 
6,026 
8,334 
12,180 
4,474 
*5,830 
11,200 
*Part of 
Property 
A 
B 
Cl 
C2 
Dl 
D2 
E 
61 
54 
46 
46 
44 
42 
39 
38 
37 
37 
34 
run area outside catchment 
TABLE 12.6 
1 Hill country 
21} Large properties 
25 with 
24 cultivated area 
38 
33 
35 
38 
36 
34 
36 
Stocking of topdressed tussock country 
Area topdressed 
150 
(4 paddock.s) 
350 
500 
800 
800 
1,000 
1,200 
(4 paddocks) 
Topdre~sing 
history 
since 1959 
1963 
1964 
1956 
1957 
1953 
Fertilizer 
pe'r acre 
4cwt 
7~cwt 
2cwt 
lcwt 
2-6~cwt+ 
6cwt 
4cwt 
Annual 
stocking 
rate in 
sheep 
equivalents 
1.6 
0.6 
0.7 
0.7 
0.5 
0.4 
1.5 
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One property has a good proportion of winter country al-
though its summer grazing is augmented by a small area of top-
dressed hill country.. This property also prefers to be 
financially successful under a system of simple management and 
low running costs~ 
The third property is of sunny aspect and has little land 
suited to cultivation. It is worked part time .. 
The success of this feeding system therefore depends on: 
1. A large area of winter country (sufficient to carry enough 
stoQk to make full use of the summer country) . 
2. An adequate flock size. 
3.. Low running costs. 
12 .. 6 .. 2 Extensive grazing with supplementary winter feeding of 
stocke 
Six runs provided extra winter feed for their stock. Two 
fed only young stock but four also fed a proportion of the ewe 
flock.. The number of ewes fed varied from a few "tail-enders" 
if the feed was available, to half the flock each year. The 
extent to which supplementary winter feeding was practiced de-
pended on the proportion of native winter grazing, the area 
suited to cultivation, the ownerBs belief that his flock required 
extra feed o and the effort that he was prepared to put into 
achieving this. 
12 .. 6.3 Semi-intensive grazing 
Two runs had extensive areas of farmland on which all 
young stock and part of the ewe flock were wintered. wethers 
grazed the hill country all-year-round.. Ewes grazed part of 
the hill country only in the autumn.. The farmland was used for 
grazing summer stock) fattening surplus stock, forage cropping and 
cash cropping (one property) .. Some or all of the cast-for-age 
ewes were put to a fat-lamb sire .. 
12.6~4 Intensive pastoral and mixed farming 
All farms saved hay at the rate of 1-2 bales per sheep 
equivalent~ Dairy farms saved more. 
Eleven farms relied on turnips as the main win.ter feed at 
the rate of 15-25 sheep per acre with hay .. 
One farmer was reducing the area of turnips and./proposed 
to winter feed with sheep nuts and autumn-saved pasture. 
One farmer grew no forage crop but carried his flock on 
grass or lucerne. The surplus was saved for winter use as hay 
or autumn-saved pasture .. 
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12~7 SEASONAL MANAGEMENT 
l2~7el wethers 
Four runs stocked their wether blocks all-year-rounds The 
area grazed in the winter was determined by the snowline. The 
other runs mustered their wethers in the autumn and put them 
on to safer blocks for the winter~ The autumn muster took 
place between the first week in April and the middle of May de-
pending on the risk of snow fallon each property. Wethers 
did not receive supplementary winter feed~ 
On the few set-stocked properties the wethers extended their 
grazing as the snow receded~ On the other properties they were 
not turned out before late December~ This allowed some recovery 
of the summer block, and reduced the risk of stock losses from 
late-spring storms~ Wethers were shorn between late September 
and mid January before being turned out to the summer country. 
l2 .. 7~2 Ewes 
The autumn muster brought the ewes on all runs down to 
their winter blocks.. On some runs, ewes were "button-holed" 
before they were put to the rarne Most runs tupped in the 
second or third week in May~ Two runs at lower altitudes tupped 
in mid March and mid April0 
Some properties mustered their ewes late March/early April 
and kept them on paddocks for a few weeks prior to tuppinge 
These flocks tended to have better lambing percentages~ Those 
properties which practiced supplementary feeding of their ewe 
flocks fed hay or turnips for a few weeks before lambing~ The 
properties which gave extra feed throughout the winter, increased 
the rations in this periodG 
Lambing took place on most runs in mid-October and in 
general coincided with early spring pasture growth. Four runs 
lambed on the homestead paddocksu four lambed on the hill, and 
three lambed on both paddocks and hill.. No properties had 
special lambing blocks", Lambing percentages seemed higher 
when ewes were lambed on the paddocks.. Two thirds of the runs 
had lambing percentages between 80-87%~ Percentages on all 
runs ranged from 60-100%.. Lambs were weaned from mid February 
to mid March when they were about four months old .. 
Ewes were shifted from winter to summer country at three 
distinct periods: 
l~ October, immediately after tailingo 
2.. December/January (3 runs - 2 of them in the Kowai 
catchment) ., 
3.. After weaning in early March (4 runs) s 
Two runs virtually set stocked their ewes~ The runs which 
held their ewes down for the longest period were those with the 
best proportion of winter country.. Their ewe blocks received 
little spelling" 
I 
Ewes turned on to summer country were frequently run with 
wethers although occasionally there was a natural semi-bounda"ry 
120 
between theme Hoggets (weaned lambs) and in some cases two-
tooths were the only stock which were not put on to summer 
country. 
Five properties pre-lamb shore their ewes in late September/ 
early Octobere Five shore in December/January and one in 
November~ One run shore lambs to reduce losses from brier and 
lawyer. 
12G703 Lambs and Hoggets 
Four properties sold no lambs p four sold their surplus as 
storeo and three sold their surplus as fat~ The new hoggets 
were put on to unimproved tussock (6 properties)p a topdressed 
tussock block (2 properties) or paddocks (3 properties). Hoggets 
generally stayed on these areas until turnip feeding started in 
May or June~ Eight runs fed turnips and hay for four to four 
and a half months until mid September or early October. The 
stocking rate varied widely but averaged 20-25 per acre with 
hay& On most runs the hoggets as rising two-tooths were put on 
to good tussock blocks about late October or early NovemberG 
1207.4 Run Cattle 
The feeding of cattle followed the principles of sheep 
feedingo Summer and winter blocks were used. Most properties 
winter-fed replacement calves with hay for 12-15 weeks. Turnips 
and in one case silage were also used. Surplus winter feed was 
fed to heifers and cows. Cattle grazing was complementary to 
sheep grazing and both were usually grazed on a block together, 
except in late summer. Cattle then were not taken on to the 
high blocks o but grazed shady faces g flats or swamps. 
Cows were commonly put to the bull in mid-late December 
but the date varied from early November to late December. Calving 
therefore took place from early August to early October. Most 
properties weaned in April or MaYe although one property weaned 
at the yearling stage in the following Februaryo 
Cows produced six to nine calves before they were culled 
for age, and bulls gave about four years service. 
12.7~5 Animal Health 
All flocks were dipped for external parasites. Four runs 
dipped twice for better protection. Off-shears dipping was the 
most common 0 External parasites were a continuing problem 
because many fences were poore many boundaries were natural, 
some' sheep were . missed in "musters 6 . and' ',stock w.er.e dipped.a't.· 
various times .. 
Five runs vaccinated hoggets for pulpy kidneyg blackleg, and 
malignant oedemao Only two runs reported footrot. Ten runs 
drenched hoggets for worms 6 and two of these drenched the ewes 
as welle Several properties noted a 'small amount of bowieG 
Kea deaths seemed less common than they once wereG However, 
not all kea deaths were seene Blood poisoning was considered 
to cause more deaths than the actual woundse 
Climate was undoubtedly the greatest killer of stock. 
However g better feeding and management on most runs have re-
duced the death toll from snow. 
12 .. 8 LABOUR 
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Eleven of the farms had owner/managers; three of them in 
a part time capacity" One farm was leased to a neighbour. 
The management of the runs was complex $ 
One run was worked by its owners 
One run had a manager without an interest in the estate. 
One run had a manager without an interest in the partnership. 
One run had a manager without an interest in a trust. 
One estate was managed by two of the beneficiaries. 
Three partnership runs were managed by one or both partners. 
One run was managed by a beneficiary for a trust. 
One run was managed by a shareholder of the company. 
One run was worked part time by the owner. 
In all cases the position of owner or manager was a working 
one", 
36 men were employed on farms or runs. 
The runs employed 20 single men and eight married men, and 
the farms employed two single men and six married men. 
1& Mustering~ Five runs did not employ extra labour for 
musteringe Three runs employed casuals ranging from two men 
for seven days to five men for six months. Three runs worked 
in together with a cash settlement at the end of the season if 
this was necessary" 
2. Shearing. Seven runs employed contract shearing gangs at 
£13.10.0 to £16$0,,0 per 100 sheep shorn~ This price usually 
includea cooking and classing. The other runs and farms em-
ployed their own shearers and shed hands. Shearers were paid 
£7 - £7~10QO per 100 sheep shorne Crutching prices were 
£2 - £2.10~0 per lOOe 
3e Fencing® Most fencing was done by station staff, but con-
tractors were sometimes employed on large jobs. 
4. Other 0 Several runs employed extra labour for haymaking. 
On the farms neighbours frequently helped each other at this and 
harvest time .. 
12~8,,4 Labour and flock size 
The labour requirement on all runs averaged 2,000 sheep per 
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man if cultivation was necessary for winter feed, and 2,500 
sheep if it was not~ Many factors influenced this average 
figure so that the actual number of sheep handled per man varied 
from 10300 to 3,0000 
1208~5 Adeguacy of labour 
No serious complaints of labour shortage were reported. 
On the runs single men stayed for two to four years. These men 
were not difficult to replace. However, those properties which 
required married men did have difficulty in getting and keeping 
good staffs 
12~9 MARKETS AND FREIGHT 
Run sheep were sold by auction at Addington (weekly sale) 
or Sheffield (annual autumn store sheep sale), or to private 
buyers or freezing companies. Nine runs sold stock at Sheffield 
and eight also sold stock periodically at Addingtone 
Private sales were generally limited to small lines, or to 
cattle~ Sales to freezing works depended on season and the 
market demand for fat stock 0 The largest proportion of sheep 
and cattle were sold in store condition for fattening or for 
further breeding usee A few properties with ample winter 
feed held their cull wethers, and sold them fat to the butcher's 
market in the winter and early spring. 
Almost all surplus_f~.r~, ,s,to,ck. was sold fat to the freezing 
worksQ A high proportion of the fat lambs for sale were sold 
for a price on the place rather than at schedule. 
Wool from farms and runs was mainly sold greasy at auctions 
in Christchurch p although one run regularly sold substantial 
amounts of scoured wool in Londono Itinerant merchants bought 
small amounts of oddments from the farms and from one run. 
The railway provides a unique service to the more distant 
runs., 
Fertiliser was railed or trucked from Hornby.. ,F.ar~ 
!11:er.cp.a,n,d;is,e, was sent from the mercantile firms in Christchurch 
or from the Darfi~ld branchese Four runs railed almost all 
their stock and wool, driving or t'rucking stock to the nearest 
siding,. By private arrangement the train stopped near the 
Avoca sheep station to directly load or unload wool. Some 
properties trucked all stock and produce to Sheffield or 
Addington", Others trucked wool to Sheffield, then railed to 
Christchurch" 
Road transport services were adequate and are based on 
. Sheffield. 
Agricultural contracting services were available from the 
Sheffield - Darfield area u but the transport charge to the more 
distant·x:uns was considerable. Deep ploughing out 'of tussock 
or old grass was the most common format contract cultivation. 
Aerial and ground weed spraying and fertiliser spreading services 
were available .. 
balers" 
12~lO PRODUCTION 
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Runs that made hay usually had their own 
Data presented in sections 12,,10 and l2~ll refer strictly to 
the Waimakariri catchment. Where properties included land out-
side the catchment, the productivity and profitability which 
could be attributed to the catchment has been determined by the 
method described in appendix 12.4" 
Wool production from the runs ranged from 11,000 lb to 
1118 000 1b... On the farms the range was from 800 lb to 35,000 lb. 
Table 12c7 shows the catchment production of wool. These figures 
do not include the wool on the backs of sale stock. 
12 .. 10,,2 stock 
Sheep and cattle production includes stock sold p plus 
stock retained on the property to increase flock or herd numbers. 
It does not include replacement lambs or calves8 Sheep pro-
duction from the runs varied from 160 to 3 8 100 animals each year. 
Four runs produced less than 1~000 animals and two produced 
more than 3~000e Production from the farms varied from 100 to 
3,300.. Six farms produced less than 500 sheep and three farms 
produced more than 10000. Cattle production varied from nil 
to 180 head each year from the runs and from nil to 40 head on 
the farms 0 Table 12.7 shows total sheep and cattle production 
for farms and runso 
12,,10 .. 3 Other produce 
Produce other than wool and stock is not shown in table 
1207 as there was insufficient information available on its 
type and quantity" The values shown for other produce in table 
12.9 indicat'e that it does not contribute significantly to the 
catchmentOs productivity" 
An important feature of Table 12 .. 7 is that the farms account 
for less than 2% of the occupied area but produce 18% of the wool, 
38% of the sale sheep and 18% of the sale cattle .. 
12,11 PROFITABILITY 
12 .. 1101 Income 
Table 12G8 shows the importance of wool, stock, and produce 
to the incomes of runs and farms 0 The runs on which wethers 
accounted for 1-25% of the flock (Table 12,,4) derived 55-60% of 
their incomes from wool. The severt runs with 33-38% wethers 
derived 70-95% of their incomes from wool. Proceeds from the 
sale of surplus sheep averaged 46% of the farm incomes, but only 
21% of the run incomes 0 Cattle sales were significant on only 
a few propertieso Table 12 .. 9 shows the catchmentis average 
annual gross income from all agricultural products. It shows 
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that wool and surplus sheep provide 90% of the catchment's income. 
12.11.2 costs 
costs of production were defined and standardised by the 
method described in appendix 12.5~ On the runs, the average 
costs of production ranged from £700 to £15,500 per year. The 
median was £8,200m On the farms the range was from £500 to 
£16,000 with a median of £1,800~ 
12.11 .. 3 Profits 
Table 12GIO shows the total average yearly profits. On the 
runs, the profits ranged from £1 6000 to £12,000 with a median 
of £4,000. On the farms the range was from a loss of £100 to a 
profit of £5 0 500. The median was £3000 
12.11.4 Income, costs and profits 
Table 12.11 shows the profit per sheep carried on the runs 
and farms.. The prof it per head for the runs is in a'g:reement 
with that found by Keen and Gow (1963 and supplements) for a 
sample of South Island high country sheep farms 0 
12.11~5 Interest return on capital 
Farm capital, and interest return on capital were determined 
by the method described in appendices 12 .. 6 and 12.7. Table 
12012 shows that the weighted interest return on capital was 8.4% 
for all runs 6 and 5 .. 5% for all farms' .. 
12&11.6 Dispersement of Profit 
The profit shown in tables 12~10 and 12.12 is available 
for: tax, rent, interest charges, development, mortg~ge' repay-
ments, reserve funds o capital expenditure, additionafdrawings, 
and/or dispersement to partners or beneficiaries. Table 12013 
shows the dispersement of the catchment profit. 
This table was derived from balance sheets with additional 
estimates for taxation. Where there was no evidence to the 
contrarY6 it was assumed that money dispersed to beneficiaries 
and partners was not available for reinvestment. 
A feature of Table 12s13 is that approximately 2/3 of the 
profit was distributed to beneficiaries, partners, or as 
additional drawings 0 Less than 2% was reinvested in development. 
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TABLE 12.7 
Average annual production of wool and stock 
Runs % of.. Ga tchment Farms % of catchment Total 
. production production 
Wool Ibs 533,500 82 .116,000 18 649,500 
Sheep nos. 16,440 62 10,050 38 26,490 
Cattle nos. 590 82 130 18 720 
TABLE 12.8 
Source of income on all properties within the catchment 
1961 - 1964" 
% of income derived from % of income derived from 
Run wool sheep cattle produce Farm wool sheep cattle produce 
1: 95 5 1 49 51 
2 94 5 1 2. 49 35 16 
3 79 10 11 3 42 37 8 
4 75 22 3 4 41 38 12 
5 -72 19 9 5 40 58 2 
6 70 27 3 6 35 32 12 
7 70 22 8 7 32 63 5 
8 62· 31 7 8 32 60 7 
9 57 31 7 5 9 30' 62 
10 57 27 16 10 18 69 13 
11 55 36 9 11 9 18 3 
12 5 30 6 
Average 
71 21 8 32 46 7 
TABLE 12.9 
Average annual income for all agricultural products on 
runs and farms within the catchment 
Runs Farms Catchment % 
total 
Wool £ 102,720 21,570 124,290 
Sheep 29,790 19,770 49,560 
Cattle 11,810 3,120 14,930 
Produce 290 5,410 5 .. 700 
Gross Income144,610 49,870 194,480 
13 
9 
21 
1 
8 
70 
59 
15 
of gross 
income 
63.9 
25 .. 5 
7.7 
2.9 
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TABLE 12.10 
Average annual income, cost~ and profits of farms and 
runs withfn the catchment 
Gross Income 
costs 
Profit 
Runs 
£ 144,610 
90,510 
54,100 
Farms 
49,B70 
3B,740 
11,130 
TABLE 12.11 
catchment 
194,4BO 
129,250 
65,230 
Income, Costs, Profit and Capital per sheep for runs 
and farms within the catchment 
Gross Income 
Wool account 
Sheep & lambs 
Cattle account 
other accounts 
Total gross farm 
income 
Costs (excluding 
interest, rent 
& development) 
Profit 
Capital 
Runs 
£. s. d. 
1. 9. 4~ 
B. 6. 
3. 4~ 
1. 
2. 1. 4. 
1. 5 .10~ 
15 .. 5~ 
9. 3. 5. 
Farms Catchment 
£. s. d. £. s. d. 
1.14. 1~ 1.10. 1~ 
1.11. 3~ 12. O. 
4.11~ 3. 7~ 
B. 6~ 1. 4. 
3.18.11. 2. 7. 1. 
3. 1. 4. 1.11. 3. 
17. 7. 15. 9~ 
15.lB.ll. 10. 4. 1~ 
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TABLE 12.12 
Average total profit, total farm capital and interest re-
turn on capital for runs and farms within the catchment 1961-64. 
Runs F.arms Catchment 
Profit £ 54,100 11,130 65,230 
Farm capital 641,310 201,510 842,820 
Interest return 
on capital 8.4% 5.5% 7.7% 
TABLE 12.13 
Average annual percentage dispersement of profit, for 
runs and farms within the Catchment 1961-64 
Runs Farms Catchment 
Rent 6.7 0.8 5.7 
Interest 4.4 25.2 8.1 
Development 1.2 4.5 1.8 
Tax 20.3 10.4 18.4 
Additional drawings 3.7 23.9 17.3 
Dispersement 
beneficiaries 34.2 28.2 
Mortgage repayment 
Reserve funds 1.1 0.9 
Capital expenditure 1.4 1.1 
100% 100% 100% 
CHAPTER 13 .. 
RECREATIONAL LAND ,'QSE 
13 .. 1 ARTHUR 8 S PASS NATIONAL PARK 
In 1901 .. f17 a OOO .acres (80,000 within the catchment) were 
reserved for national park purposes~ In 1928 the area was 
declared a National Park ~nd additions in 1931, 1938, and 1950 
brought the total area to 23~D155 acres. Of this area 173,000 
acres are in the catchment" 
Public use of the area for recreation began about 1925 .. but 
the lack of money limited the development of the area. The 
1952 National Parks Act provided more funds for public facilities. 
Accommodation at the Arthur 6 s Pass township is provided by 
100 private cottages, club huts and motelse Private cottages 
provide 400 beds o and club huts provide another 200. The Lands 
and Survey Department recently made building sites available 
at Bruce Stream 6 and has plans for a further area on the Goldney 
Saddle~ In addition, there are 41 huts in and adjacent to the 
Parke 
Cleland (1965) noted the number of visitors to the Park 
from 1962-1964 (Table 13~1) e 
Table 1302 shows a breakdown of the 16,500 visitors to the 
Park in 1963 (Croft perse corom,,) ~ 
13.,2 CRAIGIEBURN FOREST PARK 
Public use of the Craigieburn Forest Park is encouraged, 
but controlled by the New Zealand Forest Service. Four ski 
clubs use three centres where tows have been erected. 200 beds 
are available in high altitude hu~s. Including day visitors, up 
to 1 0 000 people may use the ski fiel~s at weekends. 
13.3 FISHING 
Brown and rainbow trout are found throughout the catchment 
and Mackinaw are found in Lake Pearson. Quinnat salmon run up 
to the head of the Poulter" The North canterbury Acclimitisation 
Society constantly restocks the lakes in the area, and the waters 
are therefore much used by fishermen. Although the Society 
issued 9 0 925 licences in 1964, it· is not possible to say how many 
of these peoplep or people from other areas o actually fish the 
area~ 
13,,4 RESERVES 
1. Lake Grasmere and the land within ten chains of its shore 
were declared a wildlife reserve in 1957. 
2& An area of nearly 16 acres at Castle Hill was declared a 
reserve in 1954~ The aim is to preserve the locally endemic 
and rare buttercupo Ranunculus paucifolius. Entry to this 
..... 128-
I 
129 
area is only permissible with the written authority of the 
Commissioner of Crown Lands. 
3. 31 acres of forest at Kowai Bush is owned by Dr. Bevan Brown 
of Christchurch and has been declared a private scenic r~serve. 
TABLE 13.1 
Showing visitors t9 Arthur's Pass National Park 
1962 1963 1964 
7,000 16,500 28,000 
TABLE 13.2 
Showing visitors to Arthur's Pass National Park 1963 
Railway excursions (5) 
Bus tours and special railcars 
Youth Hostel 
Club Huts 
cottage owners and guests 
campers 
Motels 
Search and Rescue Groups 
Climbing Schools 
Skiers 
School parties 
Club trips 
youth organisations 
Shooters 
3,000 
1,150 
1,100 
3,200 
3,200 
250 
1,350 
100 
100 
1,500 
600 
300' 
250 
400 
16,500 
CHAPTER 14. 
MISCELLANEOUS LAND USE 
14.1 UNOCCUPIED CROWN LAND 
There are 37,120 acres of unalienated Crown Land in the 
catchment. Fig 12.1 shows the location of this area. 
14.2 FORESTS 
Existing forests in the catchment are currently regarded 
and managed as outright protection forests. Where not included 
within the National Park, they do, in part, possess a distinct 
production potential but this is unlikely to be realised for 
many years to come and cannot currently be estimated. 
14.3 MINERALS 
Apart from the quarrying of limestone which was noted in 
section 3~4, there are no other forms of mineral recovery. 
14.4 HYDROELECTRIC POWER 
Except for a few domestic power plants, there are no 
hydro-electric power stations in the catchment. A proposal 
for hydro-electric power development was made in 1923. This 
would have involved the construction of a dam and generating 
station in the Otarama Gorge. The scheme did not proceed 
beyond the planning stage. 
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CHAPTER 15~ 
RESEARCH IN LAND PRODUCTION AND PROTECTION 
15.1 GRASSLAND AND CROPLAND PRODUCTION AND MANAGEMENT 
by K~ F$ OfiConnor, 
Grasslands Division, 
Dept~ Scientific & Industrial Research, 
Lincolno Christchurch. 
15.1.1 PRODUCTION LEVELS FROM UNIMPROVED GRASSLANDS 
Clippings of swards from protected areas of grasslands in 
different parts of the Broken River catchment in several seasons, 
indicate the following levels of an~ual production of herbage 
from unimproved swards. 
Craigieburn soil, with open browntop-sweet vernal-fescue 
tussoc~ grassland~ 100-600 lb dry mattere depending on season. 
Cass Hill soil with similar vegetation but more dense: 
100-1,500 Ib dry matter depending on season and aspect. 
Castle soil, with dense grassland of Poa and fescue tussocks, 
sweet vernal, Yorkshire fog and some browntop and Kentucky blue-
grass: 1,000-3,000 lb dry matter, depending on season. 
Immature soils in valleys and near springs, generally 
containing well-grazed swards of the above grassesg 1,000-4,500 lb 
dry matter depending on location and degree of utilization. 
Steepland yellow-brown earths at mid to high altitudes, 
including Bealey and Kaikoura soils, chiefly occupied by snow-
tussock~ 0-1,500 lb dry matter depending on aspect and on density 
of tussocks. 
Carrying capacity in sheep months per acre per annum has 
been expressed for high country soil groups (O°Connor, 1960) in 
relation to these actual levels of herbage production. However, 
cautiod is needed in applying these animal utilization estimates 
to individual soils~ Even the low level of herbage production 
on Craiqieburn soils appears to be very poorly utilized/while the 
steep faces of the terraces on which these soils occur together 
with land with springs and some small valleys,' 'may. be: much more 
efficiently used by freely grazing livestock. 
O&Connor (196lc) demonstrated that the low levels of herbage 
production recorded above were chiefly attributable to nutrient 
deficienci~se Correction of deficiencies of nitrogen, phos-
phorus and sulphut for the resident grasses led to several-fold 
increases in herbage yield on Craigieburn. and .Castle soils. 
On Craigieburn soil the principal vegetation components in this 
increased yi~ld were browntop and sweet vernal. On,Castle soil 
Yorkshire fog was also a. major component. Fescue tussock also' 
increased in yield with fertilizers but reacted adversely to 
frequent close defoliation (O°Connor 1961c) . At higher 
altitudes, no clear fertilizer response was observed in narrow-
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leaved snow-tussock although Poa colensoi (blue tussock) showed 
a several-fold increase in yield following application of nitrogen, 
sulphur, and phosphorus (O!Connor 1963) . 
15~1~2 PRODUCTION LEVELS FROM IMPROVED GRASSLANDS 
Dingwall (1956) demonstrated that improved grasslands 
could be achieved on the Craigieburn soils either by oversowing 
the uncultivated or disturbed grassland with legumes or by 
cUltivating and sowing pastures of orthodox New Zealand character~ 
OUConnor (1961a , 1961b) showed that the yield of cultivated 
pastures could vary from about 5 , 000 to over 11,000 Ib dry matter 
per acre per annum, according to seasonal precipitation. These 
yields were obtained following application of generous levels of 
nitrogen fertilizer, indicating therefore the potential allowed 
by climate.. Highest yields obtained under mowing without ferti-
lizer nitrogen but with generous sulphur, phosphorus, and moly-
bdenum dressing~were not far below the levels indicated above. 
The yields of oversown or overdrilled grasslands on Craigieburn 
soil at the Broken River area have been fairly comparable with 
those from cultivated grasslands there (unpublished data of 
Department of Agriculture) when maintained under similar sulphur, 
phosphorus and molybdenum fertilizer regimes. with moderate 
fertilizer sufficient herbage was grown and in part conserved to 
support 2 to 3 sheep per acre in paddock trials on cultivated 
and overdrilled pastures at Broken River area (unpublished data 
of Department of Agriculture) ~ However, there are no available 
records of the level of herbage production under intermittent 
grazing at very high sulphur-phosphorus levels such as those 
reported for related soils in the Mackenzie Basin (ODConnor 1966) . 
Oversown and topdressed grasslands on Castle soil hav~ been 
found (O°Connor 1961c) to yield more than 8 , 500 Ib dry matter, 
as much or more as improved grasslands on Craigieburn soil. 
The site studied on the Castle soil was especially superior to 
Craigieburn soil in a dry season~ Herbage production has not 
been measured regularly from improved grasslands on other soils 
of the catchment although numerous fertilizer trials have been 
carried out, some of them with occasional estimates of herbage 
production. For example~ Adams (1960) has given results from 
~ soil on the Ribbonwood fan which indicate that this soil is 
perhaps slightly superior in production of oversown pasture to 
the comparable Craigieburn terrace soil~ Likewise numerous 
observations indicate that except on exposed dry faces, steepland 
soils in the mid-altitude zone are more productive at low or 
moderate fertilizer levels following legume oversowing than are 
the Craigieburn soils on the terraces~ 
15.1.3 EVALUATION OF MATERIALS AND PRACTICES FOR INITIATING THE 
TRANSITION OF UNIMPROVED GRASSLANDS TO IMPROVED GRASSLANDS 
Dingwall (1956) demonstrated that CUltivation, partial 
cultivation, fertilizers and liming, clover and grass introduction 
could all contribute to grassland improvement at the Broken 
River Experimental Area. The interactions of these several 
factors were examined in greater detail in a programme of research 
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mostly centred on Enys Flat on Craigieburn soil from 1957 to 
1964$ Not all aspects of this work have yet been published in 
full$ Where necessary, summaries of unpublished work are 
presented here in tabular form. 
l5~1~3~1 Fertilizer Requirements for Legume Introduction into 
Uncultivated Grasslands 
Dingwall (1955~ 1956) following the earlier work of Sewell 
in the Riversdale area~ showed that the correction of sulphur, 
phosphorus, and molybdenum de.ficiencies made it possible to 
introduce clovers into the uncultivated grassland at Broken 
River" O'oConnor (1962) demonstrated the relationship of 
phosphorus deficiency to topographic conditions within the Broken 
River Catchment~ Steepland soils and soils formed on calcareous 
materials in the mid altitude zone did not exhibit a phosphate 
respotlse in establishment of oversown legumes g in contrast with 
the soi-r~ of low relief, such as Craiqieburn soils on the flat 
terraces in the same zone~ At higher altitudes, even steepland 
soils showed a critical need for phosphorus fertilizer for legume 
establishmente Fertilizer requirements for pasture improvement 
by legume oversowing have been studied by the Department of 
Agriculture in 36 trials in the upper Waimakariri Catchment be-
sides those at the Broken River Experi~ental Area~ From records 
of 104,Departrnent of Agriculture trials on sites representative 
of most of the soil sets occurring within the catchment, :' 
L" D$ Bascand made provisional recommendations for practical 
fertilizer use", These are presented.din ~'pperidix '15. 0 1", 
15clo3G2 Interaction of Fertilizers with Methods of Seeding 
Legumes and of Ground Preparation 
White ~1959~ reported that Cass, Kowai and Hurunui soils 
generally produced mineral nitrogen at a wider ratio to sulphate 
in incubation, than did less acid soils from the coastal sector. 
Heavy liming considerably accelerated the relative rate of sul-
phate formation in Cass soil~ To examine the possible signi-
ficance of cultivation on mineralization of nitrogen,' sulphur 
and phosphorus, several experiments have been carried out at 
Enys Flat on Craigieburn soil", These experiments have sometimes 
included other forms of ground treatment than cultivation, such 
as burning or the application of herbicides, which might reduce 
competition for light 0 moisture and nutrients between resident 
v'egetation and oversown species. A summary of white c.1over 
counts in one experiment on three replicates three months after 
broadcasting of seed and fertilizer in spring, 1958 is presenb.ed 
in Table 15.1~ The levels of fertilizer applied were 200 lb 
N/ac as calcium ammonium nitrate, 30 lb P/ac as double super-
phosphate (approximately equivalent to 3 cwt of superphosphate) 
and sulphu£ at from 25 to 200 lb S/ac as gypsum or as elemental 
sulphur", Herbicide was 2-2-DPA U'DalaponO!) + amitrole.. A 
basal treatment of sodium molybdate was applied. 
It is evident from Table 15 .. 1 that cultivation (and to a 
smaller degree~ herbicide treatment) gave an overall improvement 
in clover "establishment.. Under the cultivation treatment there 
was no significant gain in density of clover from the application 
of fertilizers. with the herbicide treatment and w~th no sward 
TABLE 15.1 
Density of white clover (number of plants per square 
foot) in relation to sward treatment and topdressing 
Sward 
treatment 
Nil 
Herbicide 
Ploughed 
0.3 
0.7 
5.9 
treatment 
Nutrients 
S P PS 
1.0 0.3 1.9 
1.6 2.3 3.0 
8.3 6.7 5.4 
TABLE 15.2 
Applied 
N NS 
0.3 1.0 
2.5 3.1 
3.3 5.4 
Yields of white clover in Ib dry matter per acre 
Sward Nutrients Applied 
treatment Year S - P 
1958/59 0 0 0 
Nil 1959/60 0 3 2 
1958/59 0 1 1 
Herbicide 1959/60 0 5 1 
1958/59 0 2 7 
NP 
0.4 
2.0 
3.9 
PS 
6 
26 
23 
89 
12 
Ploughed 1959/60 12 21 17 136 
) 
135 
NPS 
3.4 
5.1 
5.7 
136 
TABLE 15.3 
Percentage Cover of Lucerne and. White Clove,r on Craigie-
burn soil three months after '.sowing 
Legume Ground NutrientsA:e:e1ied 
Sowing Preparation Nil NS NP PS 
Broadcast Autumn 
lucerne cUltivated 2 0 8 6 
Spring 
cultivated 0 2 2 8 
Spring' 
herbicide 0 0 0 2 
Spring 
burnt 2 0 8 10 
Nil 2 0 12 0 
Drilled Autumn 
lucerne cultivated 36 . 36 36 40 
Spring 
cultivated 40 40 40 40 
Spring 
herbicide 2 6 10 6 
Spring 
burnt 22 6 18 26 
Nil 8 6 10 30 
Broadcast Autumn 
clover cultivated 16 8 6 20 
Spring 
cultivated 10 6 8 26 
Spring 
herbicide 2 0 2 4 
Spring 
, . 
burnt ~ 0 0 0 2 
Nil 0 0 0 2 
Drilled Autumn 
clover cUltivated 40 28 36 40 
Spring 
cultivated 40 40 40 5.0 
Spring 
herbicide' 6 10 12 22 
Spring 
burnt 10 2 2 20 
Nil 8 2 14 28 
------ ----- -~--
NPS 
4 
8 
10 
2 
0 
36 
36 
,10 
16 
10 
8 
I 
2,0 
· 
2 
· 
n 
• 
0 
! 
316 
I 
4U 
t6 
;8 
12 
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treatment there was a marked response to sulphur and phosphorus 
together, especially when applied with nitrogen. This benefit 
from cultivation in reducing the apparent need for fertilizer 
was shown in establishment density only. In subsequent,yield, 
clover showed a positive response to phosphorus and to sulphur 
up to about 100 lb Slac under all ground treatments. In single 
harvests in late spring of the first two years of this trial, 
yields of clover were small but as illustrated in Table 15.2, 
the effects of sulphur and phosphorus together were clearcut 
under all ground treatments. 
Another later experiment with four replicates examined the 
effects of seeding method, ground preparation and fertilizer 
composition on the establishment and yield of white clover and 
lucerne. The several ground treatments are listed in Table 15.3. 
In this experiment begun in 1961, the rates of nutrients applied 
were as follows: 2.00: .lb N/ac: as, u,re.a "i.'. 60 Ib .P/ac as double· super-
,phosphate I ,661bS/ac as ,s.ulphur .and 75Ib.S/a'c' as' gypsurn,~ Again a 
:~9~bn·ap-l,ication.qf,molybdenum. was'~ made" toge.:ther. wi tn:, ,200l1D!ac of 
calcium carbonate~ Percentage cover scores are presented for 
the two legumes, three months after sowing in early November. 
It is apparent from Table 15.3 that in this fairly dry 
season (1961/62) drilling was far superior to broadcasting in 
securing early establishement of both lucerne and white clover. 
Among the drilled plots in cultivated ground, it was found that 
there was little or no response in establishment to fertilizer .. 
Among the broadcast plots and those where legume seed was drilled 
into uncultivated ground, whether sprayed, burnt or untreated, 
the influence of fertilizer application was not consistent. 
Nevertheless there is some indication that phosphorus and sulphur 
increased legume abundance at this sta'ge among these. 
Only the drilled plots produced any measurable legume yield 
in the first season. A summary is presented in Table 15.4. 
TABLE 15 .. 4 
Yield of ~:egume in lb dry matter per acre in first season 
following drilling 
Ground Nutrients AEElied 
preparation Nil NS NP PS 
Lucerne 
Autumn cultivated 11 6 9 56 
Spring cultivated 17 4 29 67 
Spring herbicide 0 1 1 6 
I 
Spring btlrnt 0 0 0 15 
.\ I 
Nil 0 \ 0 0 20 
White Clover 
Autumn cultivated 36 0 51 50 
Spring cultivated 1 3 54 17 
Spring herbicide 0 0 0 2 
Spring burnt 0 0 0 1 
Nil 0 0 0 4 
NPS 
33 
13 
2 
0 
0 
47 
54 
0 
0 
0 
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TABLE 15.5 
Percentage Cover of Lucerne and White Clover on Craigie-
burn soil two years after sowing 
... ..... , , < • " • •• , , • ~ • , ... . ... . . ~ . , . . .. 
Legume :Ground Nutrients AEElied 
Sowing Preparation Nil NS NP PS 
Broadcast Autumn 
lucerne cUltivated . 0 0 1 0 
Spring 
cultivated 0 0 0 0 
Spring 
herbicide 0 0 0 0 
Spring 
burnt 0 0 0 0 
Nil 0 0 0 0 
Drilled Autumn 
lucerne cultivated 18 15 14 38 
Spring 
cUltivated 15 11 6 35 
Spring 
herbicide 6 4 4 11 
Spring 
burnt 13 3 2 25 
j 
Nil 5 5 0 18 
Broadcast Autumn 
.. 
clover cultivated 16 6 7 I: 23 
Spring 
cultivated 8 0 13 30 
Spring 
" 
herbicide 3 3 4 23 
.' 
Spring 
burnt 0 0 0 18 
Nil 4 1 0 15 
Drilled 
( 
Autumn 
clover · cultivated 45 11 25 78 
Spring 
cultivated 28 14 23 78 
Spring : 
herbicide 8 6 11 53 
Spring 
burnt 13 2 .12 55 
Nil 10 2 3· 55 
NPS 
0 
0 
0 
1 
0 
23 
30 
15 
15 
5 
21 
i 
35 
23 
3 
51 
70 
'! 
68 i 
13 
18 
30 
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During the second season the PS pl.ots produced consistently 
more legume herbage than other fertilizer treatments, although 
in the absence of further fertilizer and grazing, yields of legume 
remained lows By the middle of the third season, white clover 
had assumed considerable prominence in all swards where it had 
been drilled or broadcast with sulphur and phosphorus. with 
the same fertilizer, lucerne was strong and persistent on all 
drilled plots~ The initial advantage in establishment conferred 
by cultivation was still apparent but the striking effect was 
the improvement in clover where drilled or broadcast without 
cultivation~ Results are summarised in Table l5~5. 
Discussion 
There are some features of these experimental results which 
warrant emphasis in any review~ 
First, there is little gain in legume herbage production to 
be expected in the first two seasons following successful establish-
ment on these infertile soils, in the absence of grazing and 
return of nutrients~ 
Second 6 although cultivation improves the density of clover 
three months after sowing and reduces the need for sulphur and 
phosphorus for clover establishment, it did not obviate the need 
for fertilizer to get a legume production response subsequently. 
The microbiological, chemical and agronomic evidence presented 
by O°Connor, Robinson and Jackman (1962) indicated that there 
was negli.gible mineralization of N I Sand P following cultivation 
of Craigieburn soil~ The initial benefit in establishment of 
clover from cultivation on these experiments is therefore 
interpreted as attributable to a reduction in competition for 
moisture and other factors rather than to increased mineral supply. 
Third, although drilling was apparently essential for lucerne 
establishement and persistence, it was not essential for clover 
establishment" Although drilling,of clover was superior to 
broadcasting in all tables presented, broadcast clover, when 
treated with sulphur and phosphorus together, improved markedly 
in cover and production in subsequent seasons. In order that 
soil conditions might allow cUltivation to be done, these trials 
were delayed until spring was well advanced. The evidence of 
Lobb (1958), During, Cullen and Mountier (1963) in favour of 
winter or early spring oversowings on related soils suggests that 
the initially low but eventually satisfactory establishment of 
clover oversown with sulphur and phosphorus could have been en-
hanced by earl±er sowing~ 
Fourth, it must be emphasised that no account was taken of 
seedling mortality in the first three months of these experiments. 
As Cullen (1966a) has demonstrated e superphosphate plays an"! 
important role in survival of white clover seedlings oversown 
in tussock grasslands 0 
Fifth6 the effect of adding large amounts of nitrogen to 
sulphur and phosphorus was not consistently adverse to the 
establishment and early production of legumes. In the first 
experiment there was no adverse effect on clovers. In the 
s~cond experiment, the only marked depression in legume 
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establishment from additional nitrogen'occurred on burnt or 
untreated swards where the resident ,grasses were invigorated by 
the 'complete nutrient dressing. 
0" 
Finally~ it has been clearly demonstrated in a series of 
more recent experiments on soils in the Mackenzie Basin (O°Connor 
and Clifford e 1966) that full utilization by animals with return 
of nutrients is of paramount importance in obtaining high levels 
of he.rbage production from successfully clover-oversown tussock 
grasslandse As precipitation increases towards the high country 
yellow-brown earth zone e typified by Craigieburn, Cass and Kaikoura 
soils, more frequent and more gener.ous sulphur and phosphate 
are needed to build up sufficient clover production to make this 
nitrogen-building cycle fully operativeo The practical evidence 
of the Department of Agriculture Experimental Area at Broken 
River referred to in section 15,,;1 .. 2. is .. in; ac.cordance~'.wi th .. the 
principles established in the Mackenzie Basin experiments. 
15<>1~3 .. 3 Factors influencing establishment and survival of 
introduced grasses 
O°Connor (in press, a) reports the results of an establishment 
trial comparing tillering o leaf growth and resistance to frost 
heaving of 65 grasses, introduced and native, into cultivated 
Craigieburn soilo Salient features of the results were sum-
marised by O°Connor (1959) 0 Outstanding grasses in this trial 
included Agropyron scabrum, the native wheatgrass d New Zealand-
bred ryegrasses and cocksfooto Yorkshire fog and also sweet 
vernal and browntop~ Ryegrass and cocksfoot gave the largest 
responses to nitrogeno Resistance to frost heaving was associated 
with development of ground cover by high tilleringand leaf growth. 
In the trial :referred to., a dressing of 300 Ib/ac of superphosphate 
'was appliedo In another experiment (O!Connor 1963a) it was 
'shown that sulphur I! phosphorus and nitrogen had little effect 
on density of cocksfoot established from broadcasting on ploughed 
ground but that nitrogen and phosphorus together improved esta-
blishment when seed was broadcast on untreated grass'land on 
Craigieburn soil and on grassland sprayed with herbicides .. 
Results of measurements on cocksfQot plants per plot in an 
experiment to examine the interaction of calcium ammonium nitrate, 
double superphosphate and levels and forms of sulphur are 
summarized in Table 1506" In this experiment begun! ·in October, 
1958,cocksfoot was broadcast and 30 plants were measur~d three 
months later in every plot of three replicates. ,,) 
From analysis of these results it was found that phosphorus 
had a significant effect only when applied with nitrogen, that 
sulphur had a significant effect only when applied with both 
nitrogen and phosphorus~ that the effect of sulphur was much 
more clea;...:-:;"y shown in the absence of cultivation, and, that overall 
increase in cocksfoot growth was brought about:by ~h~ application, 
of nitrogen and by the sward treatmentsm 
When Blots were harvested at the end of the season only 
those which had received nitrogen and phosphorus gav~ measurable 
y,ield of cocksfoot herbage", As shown in Table 15 .. 7 sulphur gavel 
a response under all ground treatments a Cultivated. ground was 
higher yielding than herbicid~-treated land which in turn was 
superior to untreated grassla9d in yiel~ of cocksfoot herbage .. 
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TABLE 15.6 
Height in inches of Cocksfoot Plants three months after 
broadcasting on Craigieburn soil. (Fertilizers are 
shown in Ib/ac of element) 
sward Nitrogen & SulEhur treatments 
Treatment Phosphorus SO S25 S50 S100 S200 S25 S100 
Treatment (Gypsum) 
Nil - 1.0 0.9 1.3 1.0 0 .. 9 0.9 
P30 1.2 1.4 0 .. 7 1.3 0.9 0.9 
N200 2.0 2.3 3.0 1.9 1.9 2.0 
N + P 3.0 4 .. 9 5.2 5.0 5 .. 9 403 
Herbicide - 2 .. 0 2 .. 1 2.2 2.3 2.8 2.2 
(Dalapon & P30 2.5 2.4 2.9 2.9 2.3 2.7 Amitrole) 
N200 2.5 3.5 3.4 3.1 3.6 4.7 
N + P 3 .. 7 5.1 5.1 6.4 7.1 6.2 
Ploughed - 2.8 3.3 3.2 3.4 3.3 3.4 
P30 3.6 3 .. 4 3.2 3.4 3.2 3.4 
N200 3.2 3.7 4.1 3.5 3.8 4.3 
N + P 5.8 5.9 6.0 6.2 7.7 6.5 
TABLE 15.7 
Yield of Cocksfoot (lb dry matter lac) in relation to 
sulphur treatments under different ground treatments, 
all with double superphosphate and calcium ammonium 
Sward 
Treatments SO S25 
nitrate 
SulEhur 
S50 , .. 
treatments 
S100 . .8200 . S25 
1 .. 2 
0.7 
2.4 
5.3 
2.5 
3.2 
3.8 
8.0 
2.9 
4.1 
4.3 
6.7 
SlOO 
(Gypsum) 
Nil 0 10 35 22 20 32 30 
Herbicide 0 37 260 288 180 73 153 
Ploughed 83 447 375 467 390 398 293 
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In the following season, cocksfoot yields were affected 
differently by different factors. Cocksfoot established on 
ploughed ground gave significantly higher yield of herba".ge than 
that established without cultivatione Only with phosphorus and 
nitrogen was any response obtained to sulphur. Only with phos-
phorus and nitrogen was the herbicide treated ground superior in 
cocksfoot yield to the untreated ground. Unless both phosphorus 
and nitrogen had been applied, yield of cocksfoot from uncultivated 
plots was ne.gligible ~ Only when phosphorus was applied was there 
any response to nitrogen and only when nitrogen was applied was 
there any response to phosphorus~ 
In the absence of further fertilizer and of regular grazing 
with return of dung and urine, the resident grasses, chiefly 
browntop and sweet vernal g dominated the total yield of herbage 
throughout. Although total herbage yield increased in the second 
year and was maintained in the third year, the yield of cocksfoot 
declined progressively from the first yeare This decline was 
most rapid on uncultivated plots~ 
As part of the same experiment as that from which the legume 
results are reported in Tables 15~3, 15 .. 4, and 15.5, a. study was 
made of the establishment and production of !lApanui!l cocksfoot 
and "Arikil! ryegrass with different ground preparation, methods 
of sowing and fertilizerso As with the legumes, drilling in a 
dry season was by far superior to broadcasting& cultivated 
ground was much superior to herbicide-treated ground which was 
in turn superior to burnt and untreated swards, for both seeding 
methods. with broadcasting of seed, there was very little grass 
establishment on cultivated plots~ less on herbicide-treated 
plots and virtually none on burnt and untreated swards. Ferti-
lizer treatment had no consistent effect on establi~hment in 
broadcast plots. 
The yields of cocks foot and ryegrass together ~n :the first 
season is shown in Table 15.8 from drilled plots only~' It was 
clear from observations on all plots three months after sowing 
that even with drilling, there had been very little .. successful 
establishment on burnt or untreated swards. There 'was no dif-
ference in establishment attributable to fertilizer on cultivated 
plotsc Table 15a8 illustrates the kind of fertilizer response 
obtained on cultivated ground from relatively similar grass 
populations established by drillinge 
TABLE 15 .. 8 
Yield of Sown Grass in First Season· from Drilled Plots 
with dif'ferent ground prepa-rat"i'On andferti"lizer t'reat-
ments (lb/ac of dry matter) 
Ground Fertilizer treatment 
, 
Preparation Nil NS NP PS~K_ NPS 
Autumn cultivated 2 2 254 21 663 
Spring cultivated 1 3 319 7 441 
Spring herbicide 0 0 77 0 9 
Spring burnt 0 0 4 0 13 
Nil 0 0 0 0 0 
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It is obvious from Table 15e8 that nitrogen and phosphorus 
were essential to get any appreciable yield of herbage from the 
ryegrass and cocksfoot drilled into cultivated ground & Pro-
vided that these two nutrients were supplied, a significant 
additional yield was obtained from the addition of sulphure 
Discussion 
Work at Broken River Experimental Area by the Department of 
Agriculture has demonstrated that cocksfoot can be established by 
overdrilling into uncultivated semi-improved swards and that it 
can be expected to increase in vigour and production under 
periodic grazing 0 The failure to establish abundant cocksfoot 
and ryegrass by overdrilling in the later experiment outlined 
here can be attributed in the main to the droughty season ex-
perienced in 1961/62$ However c from the two large experiments 
reported here and from those reported elsewhere for Craigieburn 
soil (ODConnor 1963a, O°Connor, Robinson and Jackman, 1962) and 
for Castle soil (O°Connor 1963a) some general conclusions can 
be drawn about the nature of the problems of establishment and 
production of introduced grasseso 
First it is clear that on Craigieburn soil nitrogen, phos-
phorus and sulphur supply must be improved for production increases 
to be attained from cocksfoot and ryegrass no matter what method 
of ground preparation or of sowing seed is employed~ 
Second~ it is indicated that a reduction in competition 
for nutrients and other factors such as moisture, brought about 
by cUltivation, can result in satisfactory density of sown grasses 
regardless of fertilizer treatmente In dry conditions fullowing 
sowing (e~ge 1961/62), competition for moisture by resident 
vegetation may prevent satisfactory establishment of spring 
oversown or overdrilled grasses in the absence of cultivation. 
In less droughty conditions following sowing (e.g$ 1958/59) 
competition for nutrients such as nitrogen and phosphorus may 
still affect the establishment of cocks foot oversown into 
uncultivated ground. Even in a wet season (e.g. 1957/58) 
density of cocksfoot three months after oversowing was progres-
sively improved on Castle soil by increments of nitrogen (O'Connor, 
1960, Table 9) $ 
Third, it should be emphasised that in this review of ex-
periments, establishment has been estimated about three months 
after sowing. ; Results are therefore affected not just by 
germination but also by survival. Cullen (1966a) in coastal 
grasslands in Otago has shown that cocksfoot mortality was high 
following germination 6 especially in a dense browntop sward. 
Earlier studies in the bracken lands at Te Anau (Cullen and 
During 1965, Cullen 1966) indicated that fertilizer could assist 
survival 02 ryegrass and cocksfoot. 
Fourth, it should be emphasised that these experiments 
were conducted without controlled grazing. The only grazing 
use was by occasional hares and by deer during the winter. 
Cullen (1966a) has demonstrated the value of close sheep grazing 
in aiding cocksfoot survival after oversowing in dense browntop 
swards in coastal otago although there was little benefit in 
survival from close grazing of an open fescue tussock where -
white clover had high mortality from nodulation failure. 
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FinallY8 it must be noted that in none of the experiments 
reported here did the sowing of introduced grasses contribute 
materially to any increase in total herbage production.. Sub-
stantial increases.' in.herbgge",~~prQducf.iQn~9ythe .. res.ide.tlt ~·v~ge­
tation were measured in all trials on Craigieburn soil in 
response to nitrogen and phosphorus in particular (Cf. OGConnor 
1961c) 0 The most successful grass introduction was achieved 
by oversowing cocksfoot following application of dalapon in 
the wet season~ 1957/58~ The yield of cocksfoot reached 790 
lb/ac dry matter by 1958/59 and 1~280 Ib/ac dry matter by 1959/60 
following two annual applicat,ions of 200 lb N/ac (0 0 Connor 1963a) . 
Oversowing of clovers without nitrogen gave about 717000 Ib/ac 
of clover dry matter in 1958/59 and nearly 8#000 lb/ac of clover 
dry matter in 1959/60 (O°Connor 1961c) ~ 
Taking into account the limitations to these experiments 
which are emphasised above, it is concluded that attempts to 
establish introduced grasses into reasonably well grassed low 
fertility soils of the Wa,imakariri Catchment are not likely to 
be economically warranted at an early stage in the development of 
improved grasslands except in particular cases of special need 
or purpose" In such cases~ thorough agricultural development 
may be Ylrarranted" Some aspects of this are considered in 
section 15"10304,,, In the general improvement of tussock 
grasslands already occupied with such species as sweet vernal, 
Yorkshire fog and browntopo it may be argued that greatest 
attention should be given to clover oversowing o application of 
sufficient regular fertilizer and the erection and maintenance 
of sufficient fencing to allow the control of grazing animals 
for full herbage utilization and full return of dung and urine, 
along the lines suggested by O°Connor and Clifford (1966) from 
fertilizer and grazing management studies in the MackenzieG 
Where such grasses are sparse then oversowing may be considered 
of such species as Yorkshire foga cocksfoot and tall fescue 
which 2lreC- reztsonably tolera.!:lt ~.ofinitial .'.lo.w.'fertility .. ' .-k 
but capable of responding productively to increasing fertility .. 
It is noteworthy that cocksfoot establishment on the steep 
hillstde above the Ribbonwood fan on Grasmere Station was 
apparently more successful in the revegetation project following 
the Grasmere fire than it was on the Craigieburn and Cass soils 
of the lower ground@ Likewise at higher altitudes on the 
eastern slopes of the Craigieburn range on eroded Kaikoura soils 
at 4,200 ft" cocksfoot establishment was readily obtained pro-
vided phosphorus was applied in a trial begun in 1958® Survival 
through the first winter against frost lift was not achieved 
unless sufficient ground cover was secured before the first 
winter by the inclusion of ryegrass and nitrogen fertilizer 
(efo O°Connor and Larobrechtsen 1966) 0 Although the wide variety 
of soil and vegetation conditions of the tussock grasslands have 
not been studied wit.h detailed experiments" it is not likely that 
simple re .... !~),mmendations such as Ii sow grass at the beginning of 
tussock grassland development!! or "wait with grasses till 
after clover dominance B! will be· found to have general validitY$ 
SO"long as this facet of grassland improvement can be studied 
only empirically rather than analytically# the topic will remain 
vexatious and at the level of "kitchen artslle Meanwhile the 
practical decisions of whether~ when and how ,to sow grasses will 
have to be made on the basis of the economics of each particular 
situation 0 
15.1.3.4. Factors Influencing the Establishment of Cultivated 
Pastures 
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The practical possibilities of seeding practice, crop preparation, 
time of ploughing and liming have been the subject of large scale 
studies at Broken River Experimental Area by the Department of Agric-
ulturee This work has been fully reviewed by Dingwall (1956). 
These studies indicated the value of autumn ploughing, of temporary 
pastures or crops to mobilise nutrients and of consolidation of seed 
beds. The problem of wide separation of seedrows with subsequent 
frost between the rows following conventional drilling was ov~rCQ.rne-' 9Y 
the use of a split coulter which sowed seed in rows only 3~'inches 
aparte Subsequent studies by ORConnor cited in earlier sections of 
this report indicated little difference between autumn and spring 
cUltivation nor did an earlier trial of autumn and spring ploughing 
reveal any difference in cocksfoot establishment and growth attrib-
utable to time of ploughing~ Studies on the effectiveness of dif-
ferent forms of nitrogen (OfiConnor in press) indicated that the role 
of liming in promoting grass growth might be explained by an increase 
in nitrification~ Robinson (1963) showed that an increase in ammon-
ium supply and an increase in PH each contributed to increased 
nitrification~ 
The influence of liming~ level of superphosphate and urea on 
the establishment of ryegrass and cocks foot with lucerne or white 
clover was studied in another experiment on cultivated Craiqieburn 
soil. Although the application of lime had no marked effect on grass 
production in the early stages of the experiment (OfiConnor Robinson 
and Jackman 1962) 8 it was found that percentage cover of sown grass 
within drill ,rows was, signific~nt}y,~ :increas~d"~,!?ythe n:J-gh~r ,_level 0f 
superphosphate, by lime and by urea (OBConnor, 1963a) e Further 
studies in this project (OBConnor 6 Clifford and Lambrechtsen -
unpublished)' show that substantial increases in sown grass herbage 
production are obtained from two tons of lirn~ and 6 cwt of super-
phosphate, both with and without urea. The chemical and 'microbiol-
ogical aspects of this response are still under current investigation. 
On a practical scale it is clearly indicated that if conventional 
pastures are to be established with cocksfoot and ryegrass on virgin 
Craiqieburn soil they should be liberally topdresped with super-
phosphate and limed at least moderately. It is noteworthy that 
resident grasses such as browntop show little or no need for lime. 
l5.1~4 EVALUATION OF GRASSLAND MANAGEMENT PRACTICES FOR THE 
CONTINUATION OF THE GRASSLAND DEVELOPMENT TRANSITION 
Factors involved in this area of agricultural research include 
such matters as defoliation frequency and fertiliser application 
practice. A considerable amount of practical experimentation along 
these lines has been carried out ,at' the Brok.en River ,Experimental Area 
by the Department of Agriculture~ Difficulties in the handling of 
stock at a detailed experimental scale are among the reasons why 
concentrated efforts in this area of research have been transferred 
by Grasslands Division of the Department of Scientific and Industrial 
Research to related soils in the Mackenzie Basine Early studies on 
cultivated pastures at the Broken River Experimental Area by OBConnor 
(1961a, 1961b) showed that these cultivated pastures were producing 
far below the limits imposed by climate because of nutrient defic-
iency. These studies under mowing also indicated that nitrogen 
deficiency could be overcome by.a higher level of topdressing to 
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boost legume production but that this increased clover herbage was 
accompanied by suppression of grass growth (OUConnor, 1961a). A 
striking example of the suppression of grass growth by oversown 
clovers on uncultivated tussock grassland under conditions of 
infrequent defoliation was shown by QUConnor (1961c) on the Castle 
soil~ 
The influence of defoliation on herbage production was also 
studied~ . On cultivated pastures it was found that frequent defol-
iation (six times) produced less herbage than infrequent (three 
times) and most herbage was produced under a regime of only two 
cuttings per grow~ng season (O°Connor, 1961b). This is a differ-
ent phenomenon from that commonly experienced in environments with 
long growing seasons where infrequent cuttings result in suppression 
of clover by grass and consequent suppression of nitrogen fixation 
as well as less nitrogen transfer~ It was also shown at Broken 
River in a wet season that failure to defoliate when a substantial 
bulk of herbage was achieved resulted in less total herbage prod-
uction~ This was attributed to decomposition of herbage counter-
balancing the photosynthesis occurring in the upper parts of the 
crop (0° Connor 1961a o 1961b) 0 In interpreting the results of 
experiments carried out over three seasons, ODConnor (1961b) 
emphasised the importance of 81 permitting grass tillers already 
present to express their growth towards the maximumll~ subsequent 
studies in the Waikato by Mr AoGQ Campbell at Ruakura have tended 
to reinforce this principleo 
It should also be emphasised that the studies at Broken River 
were carried out under mowing, with removal of clippings and with 
no return of equivalent mineralso Especially important in simul-
ating grazing use is the return of nitrogen as urea or in some like 
form~ Where frequent mowings are practised with no return of 
nutrients the herbage is immature and usually has a higher propo~tion 
of nitrogen® Removal of the herbage can therefore result in some 
depletion of nitrogen from this frequent system e in contrast to an 
infrequently cut system where nitrogen in herbage is allowed to 
express its value in herbage production before it is removed .. 
However I the herbage yields from frequent mowings were consist-
ently lower than from infrequent mowings during two seasons over 
a wide range of added nitro gen leve 1 s (0' 0 Connor, 1961b).. When 
the above two important features of gra~ing rnanage~ent - defoliation 
frequency and return of nutrients - are taken into account in a I 
single systern 8 mbb stocking is the logical outcome.. Mob stocking 
at two intensiti~s of grazing - lax, leaving about three inches 
stubble I and hard 8 leaving about one inch stubble ,- has been studied 
under four different fertiliser regimes at each of five locations 
in the Upper waitaki Catchment during the period since 1962. Hatd 
grazing has been, consistently superior to lax grazing in total 
herbage production and especially in grass production (O°Connor and 
Clifford, 1966) ~ . Although comparable experiments have not been 
done in the Waimakariri Catchment, two of the sites studied in the 
Upper Wait2ki represent soils common in the Waimakariri - a 
Cass Hill soil and a steepland Kaikouran soil in the mid-altitude 
zone" 
Some aspects of the effects of defoliation and nitrogen supply 
on uncultivated grasslands have been studied in the Broken River 
Basin~ QOConnor (1965) summarised some of the effects of a cut-
ting experiment on fescue tussock on Castle soil at 3000 ft, show-
ing greater length of leaf growth on tall cut tussocks than 'on 
short cut tussocks in three months following October 1957 cutting~ 
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Table 15 .. 9 shows the effect of increased supply"of nitrogen at 
two cutting heights, especially increasing the number of new 
leaves per tiller in the first season, October 1957 to March 1958. 
No .. 
TABLE 15 .. 9 
Leaf Growth in Fescue Tussock in relation to cutting 
height and nitrogen treatment 
cut Short Cut Tall 
Nc'o N~'50 Nr-,o N".:SO 
cut leaves/tiller 1 .. 1 1.3 0.8 0.9 
Total length/tiller 6 .. 6" 7 .. 4" 6 .. 4" 7 .. 3" 
No .. new leaves/tiller 3,,0 3 .. 5 2.5 2 .. 7 
Total length/tiller 23.9" 28 .. 1" 25 .. 1" 27.5" 
This experiment was carried out on 4 replicates of plots with the 
intervening vegetation all being cut short in the spring. In 
the following autumn, half of each of the above 16 plots were 
cut again, another set of 8 were cut for the first time and a 
final set of 8 left uncut. Nitrogen treatments were applied 
again in the spring of 1958.. Fourteen months later the basal 
area of every tussock was measured.. Table 15 .. 10 expresses the 
\ 
results in terms of basal area of tussocks as a percentage of 
total area .. 
TABLE 15.10 
Influence of Nitrogen Supply and cutting treatment of 
Grassland on Percentage of total area occupied by Fescue 
Tussock 
\" . 
v' 
\ 
cutting Treatments Nitrogen Treatments 
Spring '57 Autumn 858 N'-'o N50 + N50 
Nil 15.2 23.4 
Nil cut 19 .. 2 35.6 
Short cut 24.6 11.0 
Short. cut cut 10 .. 2 11.4 
Tall cut 23.2 19.2 
Tall cut cut 24 .. 0 17.4 
When results were statistically analysed there was found 
to be highly significant interaction between nitrogen treat-
ment and spring cutting treatment.. Nitrogen increased the 
area of uncut tussocks,~but decreased the area of cut tussocks. 
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However, there was a further highly significant interaction 
between spring cutting 8 autumn cutting and nitrogene Autumn 
cutting of previously uncut tussocks resulted in an increased 
tussock area u especially with nitrogen~ Autumn cutting of 
tussocks cut short the previous spring resulted in reduced 
basal area in the absence of nitrogen and there was no benefit 
from autumn cutting of previously cut tussocks in the presence 
of nitrogen. 
It is clear from these results that fescue tussock does 
not withstand repeated close defoliation without a loss in 
basal area. This has been also shown on the Craigieburn soil 
(O°Connor, 1961c) 0 It is also indicated that fescue tussock 
can profit from occasional autumn defoliation and from increased 
nitrogen supply 3 Doubtless the above marked contrasts in 
behaviour arise from the influences of the treatments on the 
competitive role of other species, especially browntop, sweet 
vernal and Yorkshire fog. Fescue tussock is itself a light 
responsive plant (cf O°Connor and Lambrechtsen, 1964) but if 
defoliated is likely to suffer competition for light from the 
spring growth of naturaiised grasses well supplied with nitrogen. 
From these kinds of observations it was inferred that in the 
course of tussock grassland improvement, fescue tussock would 
be reduced in area under repeated hard grazing or, at the other 
end of the scale, under conditions of very poor forage utilis-
ation when it would be swamped by clover. At an intermediate 
level, where grazing pressure was sufficient to keep down the 
intervening vegetation but not sufficient to give repeated sev-
ere defoliation to the tussock, it was suggested that fescue 
tussock would increase in vigour (O°Connor, 1960). This fore-
cast has been sUbstantiated not only in the grazing trials in 
the Mackenzie but also in runholderso experience in numerous 
localitieso 
1501.5 CROP PRODUCTION 
The Castle Hill area has a tradition of growing oat chaff 
for horses dating back to the last century. Crops of turnips 
and sometimes of oats are frequently grown on cultivable land 
throughout the Catchment 0 Extensive use was made of such cropsi 
as introductory phases prior to sowing of permanent pastures at 
the Broken River area (Dingwall, 1956). Cultivated ground from 
unimproved tussock grasslands on Craigieburn and Cass soils 
generally give very poor crops of turnips but crops out of land 
from improved topdressed grasslands generally are much heavier 
in yield. A striking example of the influence of previous 
vegetation on turnip production apparently from improvement in 
mineral nitrogen supply is given by O°Connor (In press b) . 
From heavily topdressed grassland turnips were grown with a I 
mean bulb diameter of?" 5 inches o from lightly topdressed grass-'! 
land they were 3~2 inches and from unimproved gra~sland they 
were less than 2 inches in diameter. Initial oatt crops sown as 
cover crops for new pasture have yielded 1-25 tons of chaff per 
acre at the Broken River area (Dingwall, 1956). The application 
of 1 cwt of calcium ammonium nitrate gave a 40 pet cent increase 
in yieldo Varieties of several cereals have been compared in 
newly cultivated Cr'aigieburn soil at Enys Flat (0 D Connor I 1959). 
From 31 October sowing of spaced seeds of 17 varieties of oats, 
9 varieties of barley and 11 varieties of wheat the following 
plant performances were recorded 100 days after sowin~. 
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TABLE 15.11 
Performance of Spring-sown Cereals 
Oats Barley Wheat 
- +N - +N - +N 
I 
No .. tillers/plant 4 .. 3 7e6 3.1 6 .. 1 2.2 4.9 
Percentage of total 
tillers that formed 
heads 26 17 29 18 38 34 
No. heads/plant l~2 1 .. 3 0.9 1.1 0.8 1.5 
For all cereals nitrogen (at 200 Ib N/ac) as-calcium ammon-
ium nitrate significantly increased numbers of tillers and of 
heads. The response to nitrogen of wheat in heading was sig-
nificantly greater than that of the other cereals. 
Among the oats tested with added nitrogen, Winter Gray, 
Dun, Scotian and Milford were all high tillering, developing 
more than eight tillers per plant. Outstanding varieties for 
head formation were Winter Gray and Algeribee .. 
Among the barley varieties, Carlsberg I and Hudson were 
best in tillering but Argentine II was clearly superior in 
heading .. 
Among the wheat varieties Dreadnought was high tillering 
but did not form heads from the late spring sowing. Yielder 
and Aotea were superior .to all the others in tillering and 
heading. 
In addition three ryecorn varieties were similarly tested. 
All were higher tillering than all other cereals, Montanum 
Winter being slightly superior to C.R .. D .. varieties in tillering, 
but failing to head from the late spring sowing. C.R.D. var-
ieties averaged 107 heads per plant (with nitrogen), 1.2 per 
plant without nitrogen~ 
It is concluded from this work that there is opportunity 
with a build up in soil fertility to practice cereal culture on 
arable soils for the purpose of providing animal feed grains 
or possibly for cash sale.. Like the production of crops for 
winter feeding in situ D such as turnips or greenfeed ,. this 
development is dependent on improving soil fertility. 
15.1.6 REVIEW: MAIN FEATURES OF A POSSIBLE COURSE OF 
AGRICULTURAL DEVELOPMENT 
The Waimakariri Catchment as a whole in characterised by 
soils of low fertility and by a low proportion of country which 
is easily capable of providing standing winter feed for live-
stock. It is doubtful if sufficient winter feed can be grown 
in the Catchment to supply the needs of the total livestock 
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potential that full development of hill country would allow~ 
Much of the hill country could be developed by legume over-
sowing, heavy topdressing and grazing management to provide 
ample summer feed for a greatly enlarged sheep and cattle 
population" The evidence so far produced from-experimental 
work indicates little prospect for growing feed in late winter 
in sufficient quantity" O°Connor (1961a) concluded "that the 
largest absolute gain in yield of the sown grasses attributable 
to high nitrogen supply is to be obtained in late spring and 
early summer rather than in the cooler periods of greater live--
stock feed deficiencye While relative gains in herbage prod-
uction are high in early spring and autumn the low absolute 
yields of grass in these periods indicates that~ ... thepra:ctical 
difficulties of distributing feed supplies to meet animal needs 
must be overcome for the present by herbage conservation prac-
tices such as hay and silage making and the saving of foggage 
and of summer grown pasture"U 
Many people have been disappointed by the frosting of 
clover herbage in winter and therefore have been reluctant- to 
go the legume dominant way in pasture improvement of tussock 
country~ Frosting of legumes is perhaps more conspicuous than 
frosting of grasses but some evidence exists that both clover 
and grass herbage can be saved in bulk for late winter feedinge 
Some observations made at 3,000 feet at Hogsback Castle Hill in 
late August 1960 lend support to this argument" Plots which 
had gone into the winter with from 2,000 to 8,500 lbs of herbage 
dry matter standing were found to have approximately 2,000 less 
unfrosted undecomposed herbage late in the following winter, 
regardless of whether they were all clover~ clover plus grass 
or all grasso The frost damage was confined to the upper 
storey of the vegetation 0 the blanket of frosted material appar-
ently protecting the underlying layers which remained green and 
fresh" It is well known that a moderate fall of snow which 
lies all winter can have the same effecto Where the standing 
herbage under this insulating blanket was not removed by late 
October 8 serious loss from decompostion occurrede: Although 
no further research has yet been carried out along these lines 
it does suggest that quantities of late winter and early spring 
feed can be secured in some localities by such a system.of 
Blsummer-saved pasture"", This practice has been adopted by 
some runholders in the Mackenzie and other districts .. 
Apart from such procedures, chief reliance for winter feed! 
will have to be placed on (a) hay and silage production such 
as practiced at Broken River Experimental Area by the Department 
of Agriculture and by present runholders, (b) overdrilling-of 
winter greenfeed along the lines suggested by Clifford and 
Vartha (1966) 0 (c) growing of cereals for grain or chaff as 
outlined in this report, (d) growing of turnips and similar 
crops as outlined here and at present practised by runholders, 
and (e) Lhe importation of feed especially feed grains and 
concentrates~ 
For all local winter feed production as well as for high 
quality grass pasture production, high fertility is an essent-
ial prerequisite. For this reason it may be more prudent to 
carry out pasture improvement first on land of higher native 
fertility where less fertiliser and time is required before 
high fertility is reached 0 Such land is exemplified in steep 
hillsides at moderate altitude, young fans o calcareous soils 
:i 
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and young stream flats~ However, because of the need for 
winter feed production, it may be important to concentrate 
some effort on improvement of fertility of arable soils even 
if they are of very low native fertility. Such areas as 
Craiqieburn and Cass soils improved under high topdressing 
rates with oversown clovers and animal concentration may then 
be brought into cultivation for cropping for winter feed and 
may then be kept in rotation with special purpose hay or sil-
age or pasture leys.. So far as the improvement of hillside 
grazing is concerned as also the primary improvement of low 
fertility arable grasslands, it appears that chief emphasis 
should be given to clover oversowing, sufficiently heavy and 
regular topdressing and livestock conce.ntration. While it 
may be valuable in open grasslands to introduce grasses such 
as cosksfoot, tall fescue and Yorkshire fog which have a wide 
fertility valence, the likely economic considerations may 
indicate that the resident grasses should be relied on where-
ever a reasonably close turf exists~ So far as fertiliser 
needs are concerned primary attention must be given to phos~ 
phorus on most soils.. Molybdenum and sulphur are also needed 
generally but the phosphorus need is so great on many soils of 
low relief that fairly heavy annual dressings may be called 
for. Further mineral element deficiencies may occur such as 
boron for lucerne and turnips and possibly potash and further 
research in thes~ matters is needed. Lime does not appear to 
be warranted except for special purpose crops or pastures, not 
because it does not give a response but because it is unlikely 
to be generally economic and because tolerably good production 
from white clover and resident grasses can be obtained without 
it0 Further research is needed to ensure that an acid agric-
ulture can be practised economically in the environment. 
The outstanding feature of many of the soils of this 
Catchment is that they are likely to be" unprofitable in devel-
opment unless treated thoroughly 0 The Craigieburn soil 
discussed in detail in this report is an outstanding example. 
ODConnor (1962a) described the situation in these words: 
ilMost of the fulvic soils in the mountains show poor product-
ivity until they are treated at high levels of culture. In 
such humid localities the gain from investment in pastoral 
improvement will be much higher if resources of development 
can be concentrated on a restricted acreage to bring about a 
high intensity of culture rather than spread thinly to give a 
moderate level of culture on a large area with relatively s~all 
increase in productivity .. 11 
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:1,5,,2 DEPARTMENT OF AGRICULTURE RESEARCH INTO GRASSLAND· 
PRODUCTION 
Dingwall (1956) recorded, liThe DepartmentUs research 
programme in this area was initiated by T~G. sewell in 1945-46 
with a number of topdressing and oversowing trials and.the 
continuation of plant studies. Sewell also started the plant-
introduction nursery at Craigieburn, where some 80 odd species, 
or strains, of both introduced and native grasses and legumes 
have been tested. Other investigations and experiments con-
ducted by this officer from 1946 to 1952 involved chemical 
methods of weed control - ~ainly on sweet brier, gorse, and 
broom - studies of the effects of burning and spelling on 
fescue tussock and snowgrass communities, and surveys of the 
vegetative cover of Tawera and adjoining counties and of run-
country management~ 
"with the writer, Sewell also began the Riversdale trials 
in 1951~ This area was originally intended for plot sowings 
of seeds mixtures containing promising species from the nursery 
rows at Craigieburn. Its trials were subsequently extended to 
include control of arable weeds, methods of sowing, and trace-
element topdressing trials on the sodbound browntop-creeping 
fog sward developed on the once fairly intensively cultivated 
fescue tussock country .. 
"From 1952 onward LoD$ Bascand and the writer have con-
tinued observations on SewellUs experiments and have expanded 
the scope of topdressing, oversowing, and chemical weed control 
experiments .. o@ 
liThe latest research development on the hard (fescue) 
tussock country of the Waimakariri River watershed consists of 
a ·comprehensive series of trials in the Broken R.}ver area. II 
Early results from the Broken River area were reported by 
Dingwall (1955~ 1956).. Although some aspects of the work 
there have been referred to by 0 9 Connor in 'sectiop. 15.1 the 
more recent findings are unpublished and held iniDepartmental 
files. 
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15.3 LIVESTOCK PRODUCTION 
Nutritive value of native tussock grasslands 
Coop (1952) took pasture samples from 22 hill and high country 
pasturese One sample was taken on Grasmere Station from a sunny 
face at 3,000 1 • The author showed that: 
1. Fescue· ·tussock and blue··tussock were deficient in protein, 
calcium, phosphorus, and copper at all times of the year. 
2. Browntop, sweet vernal, and Yorkshire fog had an adequate 
nutritive value only in the spring~ The summer and winter samples 
were deficient in protein and phosphorus~ 
3e White clover and catsear were of approximately the same 
composition and had an adequate nutritive value in all seasons. 
Compared to the grasses, they contained roughly double the protein, 
four times the calcium and 50% more phosphorus and copper. 
He concluded that the nutritive value of the South Island 
hill and high country was exceptionally low, and suggested that 
the sheep which grazed this country reduced their growth rates, 
wool production, and milking capacity to adapt themselves to the 
poor quality of feed. 
Stock Performance 
Coop (1964b) conducted weighing trials on four high country 
runs, one of which was Castle Hill. He showed that: 
1. The mean liveweight of maiden ewes at mating varied from 
75-88 lb" 
2. There was an average increase in fleece weight of 7¥1o for 
each ten pounds increase in liveweight. 
3. Barrenness decreased by 4% for each ten pound increase in 
liveweight at the time of mating. Ewe liveweights must be about 
90 lb if the percent of dry ewes is to be reduced to that exper-
ienced on the lowlands (Coop pers. corom.). 7% ., more feed was 
required to maintain each ten pounds increase in liveweight. 
4. The liveweight of the two tooth ewe set the limit to its 
lifetime size and production. It was found that wet ewes 
gained from minus five' pounds to plus five pounds but barren 
ewes gained from three to fifteen pounds. On average the barren 
ewes gained about ten pounds per year, but the wet ewes did not 
gain at all. A sample of these sheep was reweighed in 1965 
and a slight. increase in liveweight between the two tooth and 
four tooth stage was found (Coop pers. corom.). However, from 
the four tooth, stage liveweight slowly declined. The mean 
liveweight of six tooths on three stations was 821b. In general 
ewes do not increase in liveweight above their two tooth weight 
unless they are barren. 
The same author (1966) compared the liveweight gain of lambs 
weaned five weeks early on to lucerne, weaned on to lucerne at 
the normal date, and weaned on to hill country at the normal date. 
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At Castle Hill, liveweight gains from early and normal weaning 
on to lucerne were comparable~ Both treatments proved slightly 
better than weaning on to hill countryo. On a Mackenzie Country 
property the gains from weaning on to lucerne were more specta-
cular.. He suggested that this difference may be due to an 
earlier frosting of lucerne at the high~r altitude of Castle Hill. 
winter feed requirements 
Scott,'Ludecke:, .. Lew·is. and Diack,.: (1963},have: showh~tha·t._;_.~_ 
Merino .. ewes.at~:"'Tara l.Hills. (Omarama).1. _.canbe .. :winte.red !on.one .-and 
a .l~aJ-f .pou!?-ds of lucerne hay per day" 
15~4 PROFITABILITY OF INCREASING AGRICUIll'URAL PRQPVC1J:iIQN 
The Grasmere Experimental Block is the only area within the 
catchment where an assessment of profitability of improvement is 
possible~ 
The Block is close to Grasmere Station homestead, and covers 
1,200 acres~ 690 acres are classes IV and VI, and 510 acres are 
classes VII and VIII" The altitude ranges from 2,000 feet to 
5,700 feet and the vegetation consists of fescue-tussock and 
adventive grasses up to 3,000 feet, then snow-tussock to 4,000 
feet~ The block is favourably placed for early growth as it 
faces north through to east,. Cass, Sealey, and Kaikoura soils 
are· found on the area u which is ring fenced, but has no internal 
fences~ 
Following an accidental fire in the summer of 1956/57, the 
owner and the North Canterbury Catchment Board oversowed and 
topdressed the area,. The 1957/58 season was very we,t, and three 
transects recorded 30% .clover in the sward.. No insecticide 
was used, and in the winter of 1958 severe porina dam'age reduced 
the proportion of clover to 9%~ Maintenance topdres'sing and 
subsequent grazing lifted the proportion of clover to 15-18% 
(1965} " On the Ribbonwood fan the sward composition in 1956 
was; sweet vernal 12%, browntop less than 10%, and clover nil. 
In 1965 the composition was; sweet vernal 15%, browntop 20% and 
clover 16% (Dick pers", carom .. ) .. 
B~tween 1957-1965 6 400 acres of the block received two 
hundred weight of superphosphate u 400 acres received five hundred 
weight, and 400 acres received six and a half hundr~d weight. 
The area was grazed by sheep and cattle up to an average.of l~ 
ewe equivalents per acre over the whole area .. 
To determine the profitability of the developm~nt project,' 
·the grazing and fertilizer records had to be supplemented with 
certain assumptions. These were:; 
l~ That there were increases in unit stock production of the 
flock grazed on the area (the increases were approved by the 
owner) . 
2. That the block was run as a self-contained unit. This 
meant that the area had to provide its own winter feed. 
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3. That the area was grazed by sheep. (As some cattle were 
also run, they were converted to ewe equivalents.) 
4. That the actual level of grazing was the optimum level. 
5. That average costs and prices applied over the study period. 
Given these assumptions and the grazing records, the inter-
est returned on the money invested in this development project 
was calculated. 
Provisional findings are: 
(1) The revenue returned from the extra sheep carried, 
was not sufficient to meet the costs of fertilizer and seed, 
if the unit production pf this flock was only the same as 
that of the run flock. 
(2) Assuming unit increases in production from the extra 
flock the interest returned on capital invested in the project 
amounted to 9~%. 
(3) If the runholder paid tax at the maximum rate, the 
interest return on capital was in the order of 3~1o after tax. 
(4) The granting of a subsidy from the Soil Conservation 
and Rivers Control Council lifted the after-tax interest return 
to 5!t'1o. 
(5) Rapid development was more p~ofitable than long term 
development. Had all the development costs been met within 
the first year or so, the interest return on capital would 
have exce~ded 10%. 
One important point of this work, is that the development 
of this area proved to be slightly more profitable than that 
of the average sheep farming system in the catchment (Table 
12.12) . 
15.5 LAND PROTECTION 
Protection Forest and Related Research 
The Protection Forestry branch of the N.Z. Forest Research 
Institute is at present carrying out research into several 
aspects of land protection. Results that are available from 
these investigations have been presented elsewhere in this 
study. In general those aspects of land protection mentioned 
here have been recently initiated, and it will be some time 
before they yield results. 
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Plant Ecology 
Reference has been made elsewhere in this report to the 
condition and trend surveys of the forests and unoccupied alpine 
grasslands that are being carried out periodically. In support 
of this programme more intensive studies of the growth habits 
and growth requirements of mountain beech and of several of the 
principal alpine grassland dominants are in progress. Items 
covered include seed year periodicities, requirements for seed-
ling establishment and survival, growth rates as affected by 
varying microclimatic and soil conditions. 
Animal Ecology 
No research on noxious animals is under way within the 
catchment but intensive studies of hares, chamois and red deer 
are being carried out elsewhere (e.g. in the adjoining Harper and 
Avoca valleys and in the Travers Valley, Nelson), the results of 
which will, in large part, be applicable in the Waimakariri. 
Climatology and Hydrology 
In addition to the routine collection of data from several 
climate stations on the Craigieburn Range, micro-climate statiQns 
operated by remote control have been established over the altit-
udinal range 3,500-6,000 ft. These will provide information 
concerning climates in and close to the soil surface, i.e. the 
climates most affecting plant growth, over a wide range of 
altitudes and aspects. The Geography Department of Canterbury 
University is also investigating micro climate and erosion 
processes in the Chilton Valley, Cass. 
Seasonal flows and sources of flow in Camp Stream (Craigie-
burn Ral:1ge) have been studied by chemical gauging. The catchment 
of this stream has been selected as an Experimental Basin within 
the International Hydrological Decade programme and a gauging 
station is currently under construction.. In addition,'a number 
of mil~rlcre runoff plots sampling various soil and cover con-
ditions have been installed and a study of rainfall interception 
by beech forest is underway. Regular snow-courses are main-
tained in the Camp Stream catchment and adjoining catchments for 
the determination of the depth and water content of the winter 
snow-pack .. 
geology and Pedology 
The origins and physical properties of scree slopes (move-
ment, particle size composition, seasonal water content, etc.) 
are being studied in the attempt to determine the need for and 
the practicability of revegetation. Stream-bed transects have 
been established on many streams throughout the catchment, the 
periodic measurement of which will provide information concern-
ing rates of channel aggradation .. 
Levels of available plant nutrients are being studied, on 
a pot-trial basis, for sites and soils in apparent need of 
reforestation, particular attention being paid to nitrogen 
availability. Exploratory studies of the natural nitrogen 
cycle have recently been terminated. The incidence and type 
of soil frost (granular, needle and concrete ice) are being 
studied as opportunities offer. 
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Reforestation 
Preliminary empirical trials of a large number of woody plant 
species on severely eroded sites over the altitudinal range 3,000-
5,500 ft have led to selection of a short-list of promising 
species demanding more intensive study. Likewise, these pre-' 
liminary trials have led to a clearer definition of the soil 
fertility, climatic 6 site instability and other physical problems 
that must be overcome if reforestation on a practical scale is 
to succeed. Current research is aimed at~ 
(1) Selection of the best geographical strains of the short-
list species" 
(2) Solution of soil fertility and of certain physical 
problems by two-stage reforestation employing a shrub-form 
nitrogen-fixing alder in the first stage; and, 
(3) Development of simple, cheap@ temporary site stabili-
sation techniques as an aid to vegetation establishment" 
Exploratory direct seeding trials have shown that there is 
a likelihood of success only where soil and soil cover conditions 
are already good, i.e .. on sites where there is no immediate need 
for reforestation 0 Some work is in progress in the search for 
simple and cheap means of establishing a temporary cover crop, 
preferably of legumes, that will enable the direct seeding of 
tree species on severely eroding sites" 
All the above work has shown that there are no serious 
impediments to reforestation of land below 3,000 ft altitude but 
such planting is rarely necessary purely for erosion control. 
Any planting below 3,000 ft should be of species possessing a 
production forest potential. Trial plantings have been ini-
tiated on Burnt Face between Broad Stream and Bruce Streams by 
Canterbury Forest ConservancY0 
A.gt'otlQm:ic R,esea:cch on Eroded Surfaces 
This IastituteUs Agronomist is currently investigating the 
pro~lems of revegetation of eroded high altitude surfaces. In 
1965,trials with ten herbaceous pasture species were laid down 
on three sites 'in, and immediately adjacent to, the catchment. 
They demonstrated forcibly that on bared soils in this environ-
ment, plants established from seed have very little chance of 
surviving the first winter unless their growth is stimulated 
by fertilizer.. Of the specie$"used Yorkshire fog showed the 
greatest potential .. 
A subsequent fertilizer trial in the glasshouse used sub-
soil from a site in the Craigieburn Range. It showed that a 
comb~ned application of nitrogen and phosphorus was necessary 
to obtain more than minimal growth of Yorkshire fog.. In the" 
presence of these two elements significant increases in growth 
were obtained from a mixture containing magnesium, potash, copper, 
zinc 6 boron and molybdenum. White clover needed phosphorus for 
satisfactory growth and in its presence gypsum, lim,e and a mixt-qre 
of magnesium, potash, copper I zinc and boron, ea,ch gave a signi-
fican t increase in yield.. Investigations into the fertility 
factors of this problem are continuing. 
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Part IV 
Potential 
CHAPTER 16" 
LAND CAPABILITY 
Prickett and Howard (in prep~) have made a land capability 
classification of the catchment" rheir' .method o.f: ass€;ssmeht 
wasesserttially , the' same as. the' eight class: .. sys.tem deve.loped,. 
in the United, states'>anddescr.ibed by Hockensmith .and:, 
Ste.ele .(194~~ 1949)./ U~S ~D .. A~ Agriculture. HandbQo.k,No .. ~·. 61, 
(1954) and Klingebiel and Montgomery (1961) ~ The use of this 
classification in New Zealand has been described by Greenall and 
Hamilton (1954)~ Ramsay {1961> 0 Dunbar (1962)0 Anon (1964)8 and 
Prickett (1966) 0 
Appendix 16,,1 gives the description of the eight classes, 
their sub-classes and units in the catchment 0 Table 16.1 shows 
that approximately three quarters of the catchment is classified 
as class VII and VIIIo That is~ three quarters of the area 
has either severe limitations to its useo or is not suited to 
agriculture or commercial forestry~ 
TABLE 16 .. 1 
Land capability classes i.nthe cc:i:tcnment 
(Pricket,t & Howard in prep 0) 
Area % of catchment 
III 12 0 950 202 
IV 2161750 3,,8 
VI 89 8 400 15,,4 
VII 163 0 150 28e2 
VIII 265 8 250 45 .. 8 
River bed and lakes 25~950 4,,5 
578 0 450 100% 
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TABLE 16.2 ,. 
; . 
.... o ••••• 
. \"' .. 
. ) 
Lanq capability subclasses and units in the wa:i-makariri 
·c~ tChme'nt 
(Prickett & Howard in prepo) 
.:II1 e 1 5,920 w1 120 
e 2 6,440 w2 470 
12,950 12,360 590 
IV e 1 900 'loll 120 8 1 3,210 
e 2 13,710 w2 860 52 2,950 
21,750 14,610 9S0 6,160 
VI e l 12,530 w 1 950 51 9,300 c l 2,050 
e 2 4,680 
e 3 14,140 
e 4 9,340 
e 5 2,180 
e 6 8,,3S0 
e 2,570 7 ~ 
e S 13;660 
e 9 9,620 
89,400 77,100 950 9,300 2,050 
VII e l 10,490 sl 1,880 
e 2 5,000 8 2 1,090 
e 3 19,680 
e 4 19,190 
e 5 5,560 
.e6 7,880 
e 7 7,810· 
e 8 82,350 
e 9 2,220 
163,150 160,180 2,970 
VIII e 1 2 6 905 
e 2 34,160 
.-,,-
e 3 64,700 
e 4 · 43,525 
e 5 119,960 
265,250 ,265,250 
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FIG. 17-1 
SHOWING VISITORS TO All NATIONAL PARKS, AND 
VISITORS TO ARTHUR'S PASS NATIONAL PARK 
1962 - 1964 
CHAPTER 17. 
POTENTIAL FOR RECREATION 
Fig 17.1 shows that between 1962 and. 1964 there was a 
dramatic increase in the number of visitors to the Arthur's Pass 
National Park. 
At present the population within 100 miles of the Park is 
400,000 but is expected to rise to one million within the next 
20 years. It is assumed that this population will have more 
leisure time and more money. Consequently' it is predicted that 
t~ere will be a tremendous increase in demand for recreation from 
·this area. 
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Plate 26 
The Ribbonwood Fan from above Long Hill, with Lake Grasmere to the right. The Ribbonwood stream flows 
onto the fan, with Baldy Hill above it. The Grasmere homestead is in front of the Cass Stream, to the right 
upper. 
photo V. C. Browne 
CHAPTER 18e 
THE PASTORAL PRODUCTIVE CAPACITY OF THE CATCHMENT 
Table 18~1 indicates that with adequate nutrients the lowland 
and montane soils of the catchment could produce about 770 million 
pounds of dry matter per year~ Of this, about 400 million pounds 
would be used in situ (column 4) 0 If it is assumed that half the 
nutrient value of the saved feed would be lost, about 185 million 
pounds would be available for winter feeding. 
Coop (1965) showed that the annual dry matter intake ·for a 
100 Ib ewe was 1180 pounds. Assuming a field intake of 1500 
pounds per year, the winter intake would be about 500 pounds. 
Therefore if 185 million pounds of dry matter were available 
370~000 sheep could be overwintered 0 
For the remainder of the year, the intake would be about 1000 
pounds per sheepo Thus, 370.mil1ion pounds dry matter would be 
required to feed 370,000 sheepe Column 4 of Table 18.1 shows 
that 400 million pounds dry matter could be available. 
Therefore the lowland and montane country in the catchment 
could carry 370,000 sheepG The indications are that winter 
feed supply would determine the ultimate carrying capacity. 
TABLE 18 .. 1 
Dry matter productive capacity of the soils of the lowland 
and montane :zones. 
1 2 
Soil approx* 
area 
acres 
Ashwick 6,000 
Kakahu 3(}00O 
Stave ley 6,000 
Alford Forest 1 8 000 
Hurunui 6,000 
Craigieburn 17,000 
Mesopotamia 1,000 
Cass 20,000 
Avoca 1,000 
Katrine 17,000 
Castle 1,000 
Kowai 1,000 
Tasman 10,000 
Tekoa & Bealey 20@000 
3 
Dry matter ** 
production/ 
acre/year 
8,000 
91'000 
101'000 
10,000 
8,000 
7 p OOO 
6,000 
8,000 
8,000 
5,000 
8,000 
10 c OOO 
6,000 
6,000 
4 5 
Tota 1 dry matter million pourrls 
use in situ 
18 
10 
48 
398 
say 400 
conserve 
48 
9 
60 
371 
say 370 
* Determined f+om Sheet 6 Soil Map, South Island N.Ze 
** Estimated after discussion with Officers of Grasslands Division, 
D.,S"IeR" Craigieburn and Castle s.oils; are the only ones 
from which·dry matter production has been recorded in measured 
experiments., 
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Plate 27 
The Broken River Catchment from above its junction with the Waimakariri. 
Range are to the left; the Craigieburn Range is in the background; 
The west faces of the Torlesse 
Broken Hill to the right. 
photo V. C. Browne 
CHAPTER 19. 
FOREST PRODUCTIVE CAPACITY 
Apart from the existing forests, it has been suggested 
(?rickett & Howard in prep.) that 174,000 acres of grassland 
w'ithin the. catchment are suited to production forestry (Tables 
19.1, 19.2~ Probable yields cannot be predicted with any 
pretence to accuracy as no yield data are available for stands 
of any softwood species grown within the catchment, or even on 
strictly comparable sites and soils elsewhere. But assuming: 
(a) that the net plantable area is 150,000 acres, 
(b) that this entire area was planted to Pinus contorta 
(a good pulp-wood species) for pulp and paper pro-
duction, 
(c) that on a 30-35 year rotation, a mean annual increment 
of 150 cubic feet per acre could be achieved,* 
then the total annual yield of pulpwood would be 22.5 million 
cubic feet. 
A yield of this order would be sufficient to sustain a 
large, modern, pulp and paper industry, particularly an industry 
that could also draw upon the pulpwood resources of lowland 
production forests, upon supplies of wastewood from local saw-
mills, and for blending purposes, upon the pulpwood resources 
(hardwood) of existing catchment forests. In other words, even 
if the probability that more highly productive species can be 
employed on the best sites and soils is disregarded, production 
forestry is a potentially profitable alternative form of land 
use, and is worth serious consideration. 
Subclass 
Tl 
T2 
T3 
* Footnote: 
TABLE 19.1 
Suitability of land for production forestry 
Area 
48,520 
55,490 
69,910 
173,920 
(Prickett & Howard in prep.) 
% of catchment 
8.4 
9.6 
12.1 
30.1 
c.f. an average m.a.i. of 220 cub. ft. per acre at age 25 
years for 17 unthinned P. contorta stands in central North 
Island forests (Weston, 1957). 
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Tl 
T2 
T3 
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TABLE 19.2 
(. 
Correlation of Potential Producti6ri 'f6res~ are~~ arid 
... h ... Land-'Use' c·a,pab~.lfty .:un~ts,j··,:'~ , 
.'J.. . l.: .' ~ ... '--- : .• .'~<-:.~:{ (tPrickett & Howard in prep.) 
Production forest 
subclass 
slight physical limitations: 
with moderate physical 
limitations: 
severe physical limitations: 
Land capability 
units 
IIIe2 IIIW2 Ive2 Vle6 
IVW2 IVS 2 Vle3 Vle4 VIeS 
Vle 7 Vle 9 VIWl VlC l Vlle l 
VIS l Vlle3 Vlle4 VIleS 
Vlle7 Vlle9 VIIS 2 
" 

Part V 
Discussion and Recommendations 
CHAPTER 200 
DISCUSSION AND RECOMMENDATION ON LAND USE 
20.1 INTRODUCTION 
In section 9.l.it was shown that the flow of the Waimakariri 
river was extremely flashy for a catchment of this size. Th1s 
suggested that there was rapid runoff and subsurface flow, and 
that the catchment had a low storage capacity. The low storage 
capacity is :a .. 1 functiono:l;cthe'~]steep slopes I absence of lakes, 
catchment shape, vegetation, land use and other catchment char-
acteristics. 
While there is no evidence to suggest the relative importance 
of these characteristics there is sufficient evidence in the 
literature (both in New Zealand and overseas) to indicate that 
both vegetation and its management can significantly alter stream 
flow. In addition these two·characteristics are the most easily 
modified. It is not claimed that optimum land use of a well 
covered Wairnakariri catchment will prevent flooding. However, 
it is claimed that for long term river control it is necessary 
to improve the storage capacity of the upper catchment as well 
as providing protection works downstream. 
In view of the high capital investment in Christchurch city 
and its "surrounding districts and the continuing costs of down-
stream protection works e consideration must be given to improve-
ment of the upper catchment as a part of flood control. As the 
value of the downstream investment is literally hundreds of times 
greater than that in the upper catchment it is contended that the 
principal function of the upper catchment is to safeguard the 
well-being of the community living in its flood plain. It is 
therefore suggested that the most important use of the upper 
catchment involves managing the soil and vegetation to give the 
best regulation of river flow 8 and control of sediment. 
It is therefore necessary to re-examine some aspects of 
present useo 
In this section the problems of present land use are dis-
cussed, and recommendations for future use are made. It is 
suggested that watershed protection is the most important use for 
fhe area, and as the present condition of some of the catchment 
is not satisfactory for this purpose, some changes in land use 
are necessary. 
It will be recommended that class VII or VIII land in the 
upper montane or alpine zones* (i .. e. above 3,000°) should not be 
grazedo :It.: will he recommended that the lowland and montane 
lands be developed to offset the loss of production caused by 
destocking higher lands. It will then be recommended that com-
pensation be paid to the runholders for the loss of retired land. 
* For a definition of these zones see page 4. 
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Some boundary adjustments may be necessary to ensure that the 
lowland units are economic~ 
It will be recommended that the retired land should be 
reclassified as unalienated Crown land, or retained by the 
occupier under Pastoral Occupation Lease~ The lowland and 
montane farmland should be reclassified as Renewable Lease 
which gives the occupier the right to freehold 0 
To help the proposed changes it will be recommended that 
canterbury University dispose of its endowment lands to the 
Crown" 
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It is considered that conservation farm plans are the best 
means of changing the present system of farming o but that in 
future each plan will require full economic appraisal. It will 
also be suggested that if the future profitability of a farm plan 
appears doubtfulo ,spec,ial cons,iderat:ion shomld, Ire g;iveri'tothe. 
level.- of'.' subsidy support 0 
In future the catchment could be well suited to forest pro-
duction. It will therefore be recommended that the possibility 
of large scale production and protection forestry be investigated. 
Finally it will be suggested that as there will be a dramatic 
increase in demand for recreation from the area u development for 
this use should be planned carefullYG 
20 .. 2 PASTORAL USE OF UPPER MONTANE AND ALPINE GRASSLANDS 
Part 1 of this study has shown that in the upper montane 
and alpine zones g the slopes are steepu the rock is unstable, 
the soils are infertile, and the climate is severe. There is 
active induced and natural erosion and erosion potentials are 
highe These are the zones of highest precipitation. Trad-
itionally parts of these zones have provided summer grazing for 
sheep and noxious animals~ 
The pastoral use of this type of country has been discussed 
by zotov (1938 0 1940), Committee of Enquiry (1939), Cumberland 
(1944), Gibbs (1962 6 et als 1945), waterer (1958), Tussock 
Grassland Research Committee (1954), Holloway (1959 0 1962,1964), 
Raeside (1960), Cutler (1962) 6 McCaskill (1965), in addition to 
many newspaper articles and unpublished reports of state depart-
ments and local bodies0 
Some of the reasons given for retaining this land in 
pastoral production are as follows~-
la Although these grasslands are severely eroded, most of 
the erosion predates European occupatione Early run practices 
may have aggravated the situation, but burning is not now prac-
ticed, flocks are smaller than they were, and stock limitations 
are now imposed to ensure that country is not abused. So far 
there is no evidence to show that the present numbers of sheep 
are damaging the vegetationo On the contrary 0 many runholders 
claim that the condition of these zones has not changed in 
their lifetimeso 
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2", The use of these zones involves a "natural" system of 
farminge On a well run property the natural production of 
herbage is used by stock which are in harmony with their environ-
ment8 Extensive grazing has many advantages~ It is a low 
cost system, there are few stock diseases, and fine woolled 
sheep thrive under this type of management~ 
3", There is no evidence to show that destocking would 
improve the condition of the vegetation, but it would create 
many problems for the runholder~ This country is used for sum-
mer grazing, and some of the lower sunDY country is valuable for 
winter grazing", Its loss would force runholders to change to 
a system of management which is as yet unproven in this environ-
ment~ 
4m The runholder is at present the caretaker of this country_ 
If it is retired from grazing, the community loses a custodian who 
has kept an eye on its noxious weeds, noxious animals and fire 
risko 
5.. Whether or not research results can show that the pre-
sent pastoral use is in conflict with other more important uses, 
the runholder is entitled by law to continue using this land. 
On the other hand, there is the evidence in favour of 
de stocking these zones", For the Waimakariri catchment it is 
as follows~ 
(l) The condition of the vegetation is not satisfactory 
for its function of watershed protection (pages 35-39, 64-87)~ 
(2) Wraight (pages 73-76, 239-264) has shown in general the 
upper montarie and alpine grasslands are deteriorating. This is 
greatest in those areas which are grazed by both sheep and noxious 
animals", That authorOs evidence shows clearly, and for the first 
time, that deterioration of the upper montane and alpine grass-
lands is much greater where sheep graze than where they do not. 
(3} The pastoral use of the upper montane and alpine 
grasslands can be supported only if the farm management maxim of 
Blgreatest profits"r"while maintaining or improving the asset" is 
being met® It has not been shown that this asset iS,either 
being maintained or improved", On the contrary, it has been 
indicated that it is deteriorating0 
(4) While it has not been shown that destocking will 
improve these grasslands, it is contended that there will be no 
real improvement in the presence of stocke As a first step in 
the watershed management of this high altitude area, domestic 
animals must be removed", 
(5) Of 320,000 acres used for pastoral production 150,000-
l70,OQO acres are in the upper montane and alpine zones. It 
is difficult to assess the direct and indirect income derived 
from this area, but it is estimated that retirement would mean 
a direct loss of £20,000-30,000 of pastoral income per annum. 
This is 10-15% of the gross catchment income and insignificant 
when compared to the capital investment in the flood-plain of 
the river", The benefits from grazing cannot justify the risks 
involved .. 
1:13 
In assessing the evidence for and against pastoral=use of 
these grasslands it is apparent that the recent findings of 
'Wraight,' ctfif6w "doiibt "on '-'the' c6nterition that grazing does not 
cause deterioration~ The principal arguments for retaining the 
use of these grasslands then rest on the runholderis legal right, 
and his concern about the success of intensive farm:ing of low-
land and montane grasslands in th~s environment. 
It must be understood, however, that the legal right to 
use these areas does not necessarily mean that such use is 
either correct, or cannot be changed. Also the fact that there 
will be problems in farming without this lando is not a:' justi-
fication for its continued use. 
On the other hand the evidence against pastoral use is 
incomplete. Much of it is based on assumption and opinion. 
However, it is contended that although this evidence may be 
largely circumstantial, it outweighs the other, and establishes 
a case for de stocking the upper montane and alpine grasslands. 
It has been frequently suggested that the decision to de-
stock should not be made until research results have established 
the case beyond all reasonable doubt.. However, Ellison (1957) 
notes H 6"lf one must wait until all the research results are in, 
and only then bring public opinion to bear, I think the Eastern 
slopes of the New Zealand Alps will be without any soil at all .. II 
Prickett and Howard classified the upper montane and alpine 
grasslands as land capability classes VII and VIII. The retire-
ment of class VIII land has been accepted in several parts of the 
South Island high country, but it is contended that in this 
catchment, class VII land in these zones must also be retired 
for an indefinite period .. 
It must. be emphasised that retirement is not an end in 
itself.. This land is required for watershed protection, but 
the present state of much of it is such, that it is incapable 
of meeting this requirement.. Destocking is only the first step 
in the rehabilitation of the country for the purpose of water-
shed protection .. 
This Institute therefore recommends: 
That land classified as capability classes VII and 
VIII in the upper montane and alpine zones of the Waimakariri 
catchment be progressively destocked of domestic animals. 
20.3 PASTORAL USE OF THE LOWLAND AND MONTANE GRASSLANDS 
These lands have been descr~bed in part I. In general the 
problem of deterioration is of lesser importance in.these zones, 
because usually they can be improved by the known techniques 
of oversowing and topdressing.. While these lands have a water-
shed protection value, it is less than that of the upper montane 
and alpine grasslands and it is suggested that their watershed 
requirements can be consistent with intensive pastoral use. 
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The lower altitude land in the mid and east of the catchment 
receives a small proportion of the catchment rainfall. (Figs 
4.1, 4.2; Table 4.1) Therefore even if intensive grazing of 
imp~ovedgrassland produced increased runoff, the effect on 
stream flow is expected to be ihsignificant. 
Within these zones there are areas of clas$ VII and VIII 
lands where the aim is to prevent soil loss, rather than to 
control water yeiid. They may be suited to limited pastoral 
use, but will require careful management, which may involve 
temporary retirement. 
In section 18 it was suggested that the productive capacity 
of these zones was such that 370,000 sheep could be carried. 
That is, stock numbers could be increased threefold, on about 
half the present area. As noted above this pastoral use would 
be consistent with the areaBs watershed protection requirements. 
This Institute therefore recommends: 
That the pastoral production of the Waimakariri' catch-
ment be increased by a more intensive development of the lowland 
and montane grasslands® 
2004 NOXIOUS ANIMALS 
The need for noxious animal control and the benefits of this 
were shown in chapters 7 and 8. 
The 1965 Lands and Agriculture Committee on Noxious Animals 
Control recommended (inter alia) "that there should be no 
weakening of the provisions of the Noxious Animals Act 1956 
relating to control of noxious animals in general, and deer in 
particular"iI 
In view of this recommendation, and the active manner in 
which the New Zealand Forest Service is carrying out .their deer 
control operations, no recommendation from this Institute is 
necessary. 
20.5 COMPENSATION FOR THE LOSS OF INCOME WHEN LAND IS RETIRED 
It has been recommended that the upper montane and alpine 
zones should be retired for soil and water conservation. How-
ever, the runholders have been given Pastoral Leases over most 
of this land, and therefore they have a legal right to graze it 
for an indefinite period. While it is essential that these 
land~ be retired, the method of retirement must ensure that there 
is no breach of faith between landlord and tenant, and that 
economic justice is done. If a runholder is to lose grazing, 
and hence income, some form of compensation is necessary. When 
land is retired it is otten difficult to find a fence line that 
will retire classes VII and VIII but retain class VI for pastoral 
use. Where of necessity some class VI land is retired, the 
need for adequate compensation is greater. 
It is suggested that compensation should be based on the 
capitalised productive value of the land~ For example, the 
retirement of a block which supported 1050 we"thers each year 
would reduce the runholderos net profit by approximately £800~ 
(1050 wethers @ 15/6 per head profit, Table 12~ll, page 126) ~ 
Compensation should therefore be the sum needed to produce £800 
per annum" At an interest rate of five per cent, this would 
be £16 6 000" 
If the retirement of the upper montane and alpine grass-
lands meant a direct loss of production from 12,000 sheep, the 
loss of profits would be about £9,000 per annum (present catch-
ment profit is £65,000) " Compensation would therefore be of 
the order of £180,000" 
This form of compensation tends to be generous, because it 
assumes that there will be no change in either the carrying 
capacity of classes VII or VllIo fine wool prices, or costs of 
production.. However lJ this can be justified if in addition to 
being economically worthwhile it encourages the retirement of 
the critical country $ 
within the catchment, 35~OOO acres are already scheduled 
for retirement.. The two runholders concerned have agreed to 
retire this country in the interests df soil and water con-
servation" It is suggested that they also should receive 
compensation~ It would be unfortunate if they were penalised 
because of their cooperation" 
Compensation to runholders may be disputed by some with 
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the view that as the runholders were responsible for much of the 
damage they should be penalised, and the land repossessed with-
out settlement" It is true that run management has been at 
fault in many instances, and has helped to produce the present 
severely and extremely eroded condition of the area~ However, 
it does not follow that the runholder is entirely to blame .... 
If blame is to be apportioned 0 then the ultimate responsibility 
rests with the people of New Zealand/> and their Departments of 
state who accepted and even encouraged the past systems of 
management.. The retirement 6f this country for the purposes 
of soil and water conservation is of national benefit.. At 
present the nation is in general prepared to accept the benefits, 
but leave the costs to the individual runholder.. The nation 
must accept its responsibilities and share the costs .. 
However o compensation should not be an unconditional hand-
out" It is suggested that moneys paid as compensation should 
be reinvested in the catchment.. This will be either to develop 
the productive capacity of the lowland and montane zones or to 
freehold them" 
This institute therefore recommends~ 
1.. That in the Waimakariri catchment the Soil Conservation 
and Rivers Control Council compensate a runholderwhere the 
retirement of land represents a direct loss of profits~ 
2.. That this compensation be based on a capitalised pro-
ductive value of the retired land~ or its equivalent by way of 
liberal subsidy" 
3" That any payment of such compensation be conditional 
upon its reinvestment in the property .. 
Plate 28 
The Craigieburn Forest Park on the Craigieburn Range. The West Coast Road, and Cave Stream in the right 
foreground. Craigieburn Range in background with Hamilton Peak to the right and Mt. Wall to the left of 
Broken river. 
photo V. C. Browne 
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20~6 THE COST OF RETIREMENT FENCING 
The Soil Conservation and Rivers Control Council has 
accepted the responsibility for the total cost of a retirement 
fence. It is suggested that the Council should continue its 
present policy, and finance the necessary retirement fences in 
this catchment. In addition to natural boundaries, 150 miles 
of fencing could be needed. At £600 per mile the total cost 
could be of the order of £90,000. 
This Institute therefore recommends: 
That the Soil Conservation and Rivers Control Council 
continue their policy of financing retirement fences in the 
Waimakariri catchments 
20.7 FUTURE TENURE 
It is suggested that when the upper montane and alpine 
lands have been retired, capability classes I-VI in the low-
land: and~/mohtane farmlands should be reclassified as Renewable 
Lease8 A reclassification such as this would be in keeping 
with Lands Department policy on other farmlands, and would have 
several advantages. 
First, Renewable Lease provides the opportunity to freehold. 
While the Pastoral Lease gives the runholder good security, it 
is still not as good as actually owning the land. Leasehold 
land is always leasehold. The security of ownership could be-
another incentive to develop and improve.. With freehold title, 
all improvements accrue to the owner. Under Pastoral Lease no 
such guarantee can be givens 
The problem of erosion on freehold land is unlikely to arise. 
By definition capability classes I to VI have less erosion risk 
than VII -or VIII. It is unlikely that a farmer would willingly 
exhaust the soil he owned 0 However, in the event of land misuse, 
section 16 of the Soil Conservation and Rivers Control Act 1941 
allows the Soil Conservation and Rivers Control Council to acquire 
the land under the Public Works Act 1928. 
The cost of freeholding Renewable Lease could reduce the 
finance available for development8 It is however, anticipated 
that part of the compensation recommended in section 20.5 would 
be available as a deposit, so that under the present system of 
deferred payment, the annual charges would be little more than 
a normal rental. 
A possible problem associated with freeholding could be the 
reappearance of the practice of gridiron:ing.. However, the 
Lands Department is well aware of this possibility, and under 
a regional programme of reclassification this situation would 
not develop .. 
However, freehold title could prevent access to the unoc-
cupied Crown land in the upper montane and alpine zones. Therefore 
before title is given to any lands, provision must be made for 
access through them to the unoccupied lands beyond. 
Plate 29 
Waimakariri River and Staircase Creek 
The broken nature of this country is typical of most of the catchment. It would be difficult to select a fence 
line which would retain all the "good" country, and retire all the "bad". Because of the physical problems, 
there will always be a measure of compromise in the retirement of land. 
photo v. C. Browne 
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The class VII and VIII land in the upper montane and alpine 
zones c.ould either be reclassified as Unalienated Crown Land, or, 
Pastoral Occupation Licence should the runholder want to. retain 
a licence over it.. This licence, however, would not include 
the right to grazing. During the transition from the extensive 
system of management to -a more intensive one, it may be necessary 
to allow emergency grazing of the retired land~ Such use would 
have to be restricted to genuine emergencies, and as compensation 
would have been paid for this land, the Crown should charge a 
grazing rental. 
This Institute therefore recommends: 
l~ That favourable consideration be given to reclassifying 
land up to§ and including capability class VI in the lowland and 
montane farmlands as Renewable Lease, if reguested by the run-
holder" 
2" That, in the event of freehold title being taken over 
the lowland and montane farmlands, access to the unoccupied Crown 
lands above 6 shall be guaranteeds 
38 That land classified as capability classes VII and VIII 
in the lowland and montane zones be reclassified as Pastoral 
Occupation Licence" The conditions under which it may be used 
for pastoral production are to be dependent on its condition. 
4. That land capability classes VII and VIII in the upper 
montane and alpine zones be reclassified as Pastoral Occupation 
Licence, or Unoccupied Crown Land. Pastoral use of this area 
shall be restricted to grazing during the period of changing 
run managementB On such occasions the Crown should have the 
right to demand a grazing rental" 
20,,8 THE NEED FOR THE CONSERVATION SUBSIDY SCHEME 
At present conservation works are eligible for subsidy from 
the Soil Conservation and Rivers Control Council. However, these 
subsidies are only vaguely related to' the severity of the problem, 
and in no way related to the downstream benefit. 
Also, they are not related to the financial status of the 
recipient" In view of the recommendations in section 20.5 it 
is necessary to review the subsidy system as it applies to this 
catchment. The object of the subsidy scheme was to enCourage 
conservation works. However, in future some conservation may 
be adequately encouraged without the aid of subsidies .. 
1. The payment of lump sum compensation would provide extra 
finance for development.. This would reduce the importance of 
the subsidy scheme as asource-of finance. Therefore the only 
subsidies which should he retained are the total grant for 
retirement fencing (recommendation in section 20 .. 6), and those 
specifically designed for erosion control (e"g .. wind break tree 
planting and river bank protection) . 
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2. Lump sum compensation could amount to £15 per sheep dis~ 
placed. Table 12.11 (page 126) showed that the average capital' 
requirement per sheep on the farms was £15.18.11. It is there-
fore anticipated that compensation should be adequate to meet the 
costs of developing the lowland and montane zone. Recommendation 
in section 20.9 (2) is designed to meet the situation where this 
may not be adequate. 
This Institute therefore recommends: 
That in view of the recommendations in section 20.5 
the Soil Conservation and Rivers Control Council's Conservation 
subsidy scheme be re-examined for properties in the Waimakariri 
catchment. 
20.9 THE ECONOMIC APPRAISAL OF FARM PLANS 
Runholders have two principal points of concern about under-
taking the major changes in land use suggested in this report. 
The first is "can it be done"; the second, "will it pay". 
Before a runholder can be expected to forego a system of 
management which he knows, understands and trusts, all possible 
efforts must be made to predict his future position; particu-
larly his financial position. This means that development 
programmes (in particular Catchment Board Farm Plans) must be 
costed as accurately as possible and forecasts given of the 
future returns, costs and profits. 
A runholder, or lending institution cannot be blamed for 
reluctance to become involved in a development project if they 
have little idea of its profitability. 
On some properties the future profitability could be mar-
ginal .. If this situation.:develops because, of soilJand water 
conservation practices, then special consideration should be 
given to the level of subsidy assistance. Such assistance 
should be based on the difference between the costs and returns, 
to the farmer, of practices considered to be of community bene-
fit. Economically based subsidies imply that, other things 
being equal, the runholder will be no worse off after undergoing 
a major change of management. 
This Institute therefore recommends: 
1. That ·Catchment Board farm plans be costed and budgeted 
as accurately as possible. 
2. That where a change in the management system is reguired 
for the" purposes of soil and water conservation and the profit-
ability of the new system appears doubtful, the Soil Conservation 
and Rivers Control Council give special consideration to the 
level of subsidy support. 
20~lO DEMONSTRATION OF FARM AND RUN PRACTICES 
It has been suggested that in future, the pastoral use of 
the Waimakariri will involve intensive farming of the lowlands 
and montane zones~ 
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It must be emphasised, however, that to date the success of 
this system of management has not been shown on a run scale~ 
Research on plots and paddocks has indicated possible management 
methods. However, these have not been conclusively shown on a 
run to be either practical or economic. 
A wide gap therefore exists bettveen run'p.racticesand .. re~se.ar.(!h 
findings~ It is most important that, at an early stage, there 
should be run-scale demonstrations of improved management prac-i 
ticess The principal object of such demonstrations would be to 
show the technical feasibility and economic advantag~s of inten-
sive farming in a high country environments 
These demonstrations would be of real value to the whole of 
the South Island high country, and not just to the Waimakariri 
catchment. It is therefore suggested that the Departments of 
Agriculture, and Lands, the Soil Conservation and Rivers Control 
Council and this Institute should initiate demonstrations of high 
country development at the level of the run or large paddock. 
The practices and techniques which should be investigated 
include:-
Is Profitability 
Probably the most important aspect of management which needs 
to be shown, is the profitability of intensive farming in this 
type of environment. This system of farming needs to be accepted 
by the runholder, their partners and finance companies, as a 
profitable investment. This support will come only when it can 
be shown that this is a financially sound method of farming. 
2. . Winter Feed 
Most runholders can remember severe winters in the past, and 
they consider that winter feeding will be a major obstacle to the 
intensive use of the lowland and montane zones. Therefore it 
must be~shown that it is possible to over winter stock without 
the traditional extensive grazing of winter country. The feed-
ing of hay, silage, root crop~, cereals, or grain and other 
supplements could be suitable and profitable, but this must be 
shown. 
3. Size of block 
An important yet largely unknown aspect of development is 
the best size of block to develop. 
In the past several large areas have been topdressed within· 
the catchment. The disappointing results were partly due to 
inadequate pasture control by too few sheep in blocks which were 
too large. Although there are management objections to small 
blocks, better results would have been obtained if only half the 
area had been treated and the remainder of the money put into 
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fencing~ Increased topdressing is inevitable but it will continue 
to 'be only partially successful if the blocks are too big. It must 
be shown that small blocks are satisfactory from the stock manage-
ment point of view and that in them pasture improvement is sub-
stantially better~ 
4. Use of insecticides 
The massive porina damage on the Grasmere Experimental Block 
in 1958 indicates that insecticide treatment of pastures will be 
necessary in future. This will become another cost associated 
with development. 
5. Pasture conservation 
It has been mentioned (page 153) that a high liveweight at 
tupping is most important. Unfortunately tupping in this area 
normally comes a few weeks after pasture growth has been checked. 
This means that liveweight is checked, or declines prior to 
tupping~ To overcome this problem pasture could be conserved, 
for pre-mating use. It will also be necessary to conserve feed 
for wintering hoggets and ewes. While in most environments it 
is technically possible to save pasture for winter use, the 
methods of doing it in this environment need to be shown. 
6. Weed Control 
In localised areas gorse, manuka, sweet brier, tauhinu and 
matagouri occupy country suited for pastoral development. The 
control of these weeds has been shown in numerous experiments 
and plots, but it would be useful if it could be shown that weed 
control on a run scale was physically possible and financially 
profitable. 
7.. Cattle 
cattle in this environment are useful in that they require 
less winter feeding than sheep. Although they may be less profit-
able, they are thought to do less damage to eroded country. Also 
they open up scrub and swamp for use by sheep. The place of 
cattle, particularly on eroded areas should be shown. 
A demonstration run may well be the most efficient way in 
which these, and other aspects of management, could be demon-
strated. 
This Institute therefore recommends: 
That the feasibility of run management practices such 
as are outlined in this report be demonstrated in this catchment 
or in a sim.ilar environment .. 
20.11 LEASING AUTHORITIES 
There are six authorities which lease land for farming in 
the catchment (page 110) .. As a consequence tenures are diverse. 
If the recommendations outlined in this report are to be adopted, 
it will be necessary to have as few landlords as possible. 
Both the New Zealand Railways and the Selwyn Plantation 
Board lease small areas which will be largely unaffected by the 
recommendations made~ 
The ArthurBs Pass National Park Board lease two areas to 
one runholder~ While the condition of one of these is cause 
for concern, the Park Board is awa're of the problem, and is 
taking steps to rectify it~ 
The New Zealand Forest Service leases land in conjunction 
with the Lands Department, Both are State Departments and it 
is anticipated that the Forest Service would closely follow the 
Lands Department if changes were made in the system of leasing, 
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The future role of canterbury University as a landlord is 
not so clear~ On the land which it lets, the University has 
made little effort to supervise management and no positive moves 
to encourage soil conservation practices, From a University 
point of view the endowment lands in the catchment are a poor 
investment. The income obtained (page Ill) could be doubled 
in any gilt edged security. As the properties are not used 
for teaching purposes there appears to be little justification 
for the University retaining its endowment lands. 
Both Otago University and Lincoln College have recently 
~isposed of some of their endowment lands, and it is suggested 
that the University of Canterbury should do the same. 
The disposal of these lands to the Lands Department acting 
for the Crown, could create financial problems for that depart-
ment~ It is anticipated that the Department could require extra 
funds to carry out the purchase. 
This Institute therefore recommends: 
Is That the University of Canterbury be encouraged to 
dispose of its endowment lands in the Waimakariri catchment. 
2~ That this Institute will support any request made to 
the Government, by the Lands Department, for additional funds 
to enable that Department to purchase these properties for the 
Crown .. 
20012 BOUNDARY ADJUSTMENTS AND SUBDIVISION 
On previous occasions, lessors have been reluctant to alter 
the boundaries of properties within the catchment. However, the 
present boundaries must be recons\idered where the retirement of 
higher lands threatens to leave an uneconomic unit. 1t. is con-
tended that the present boundaries are not necessarily those of 
the future" 
It was shown (page 122) that properties with a winter feed 
programme, required on average one man per 2,000 sheep. Because 
of the climatic risks, and yearly variations in pasture growth 
one man units would be too small in this environment. The pre-
sent economic unit appears to be one which could carry at least 
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4,000 sheep, and have enough arable land to provide winter feed 
for them. The area of such a unit would vary from 4-12,000 
acres depending on soil type, balance of country, and other 
factors. 
It is suggested that there should be a few strong units, 
rather than a number of smaller ones. However, when the bound-
aries of each property are reconsidered it should be remembered 
that in time the property may be subdivided. The question is 
sometimes asked, "Could some of the larger stations be broken 
up? II The answer 1.8 probably yes - in time. They are not 
likely to be subdivided under the present standards or system 
of management! but may be under future standards and future 
management. For example, the need for sunny slopes in times of 
snow will decrease as the amount of hay or silage increases. 
Therefore when boundaries are adjusted, the propertyBs suitab-
ility for future subdivision, should be considered with the· 
topographic and economic factors. 
It is suggested that boundary changes should be made at the 
same time as the high altitude lands are retired. Thus these 
changes would be part of a regional plans 
This Institute therefore recommends: 
1. That where the retirement of land threatens to leave 
"undesirable" properties, or uneconomic units, the Lands Depart-
ment in consultation with the North Canterbury Catchment Board, 
consider boundary adjustmentso 
2. That such boundary adjustments should be made as part 
of a regional plan. 
20013 CONSERVATION FARM PLANS 
The conservation farm plan produced by the North Canterbury 
Catchment Board is the best method of achieving the suggested 
changes in pastoral use of the Waimakariri catchment. 
It has been recommended:. (Recommendation 20.9 (1)) that an 
economic assessment should be made of each farm plan. On the 
assumption that this will be done, this Institute reaffirms its 
support for the Conservation Farm Plan as the most effective 
method of implimenting the recommendations of this report. 
20.14 FORMS OF OWNERSHIP 
It was shown (page 121) that there were many forms of run 
ownership in the catchment. Multiple-ownership was found on 
nine properties. The major disadvantage of this was that a 
large proportion of the surplus income was distributed to bene-
ficiaries and sleeping partners~ As with most public trading 
companies, the majority of "shareholders" showed little active 
interest in their properties. Although this is of little 
importance, the disturbing feature was the very low level of 
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profit reinvestment $ If a fair proportion of the profits were 
reinvested, it would not matter how many "shareholders" there 
were, or how interested they were in their properties. 
The problems associated with mUltiple ownership have no 
simple solution. without infringing the rights of the.individual, 
it is not possible to reduce the number of owners of a property, 
or to dictate the annual dividend that each should receive. In 
the long term the solution probably hinges on showing the profit-
ability of reinvestment. If a demonstration run could clearly 
show the economic advantages of temporarily foregoing profit and 
using it for development, the problem of profit dispersement to 
shareholders could be partially overcome. 
No recommendation. 
20015 FOREST LAND USE 
The full economic and other implications of forest use as 
described in chapter 19 demand qlose scrutiny before it is 
possible to suggest that production forestry might be more 
profitable than pastoral production. Thus it is impossible to 
guess to what degree the adverse factor of distance from markets 
and port facilities is counterbalanced by the existence of 
established rail communication, or to what degree the offsite 
benefits (themselves largely imponderables) to be achieved 
through afforestation, can be considered adequate compensation 
for the factors of low yeild per acre, greater difficulty in 
forest establishment, and restriction in choice of species. 
One point that should not be overlooked is that the establish-
ment within the catchment of a large production forest unit 
would render such afforestation as is necessary for purely 
protective purposes a much more practical proposition. with-
out it, (i$e. without the creation of a local pool of manpower 
and equipment) large-scale planting purely for erosion control 
could remain a pipe-dream. The establishment of this labour 
pool, resident within the catchment, and the construction of 
the access roads essential in any large-scale production forest 
project, would also render noxious animal control, throughout 
the catchment, easier and more effective. 
This Institute therefore recommends: 
1. That Government be asked to undertake as soon as possiple 
a detailed investigation of the possibilities of afforestation 
within the catchment. 
2. That the New Zealand Forest Service be asked to extend 
both their experimental and operational plantings in the prod-
uction and protection forest zones. 
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20.16 RECREATION 
It was indicated in chapter 17 that there would be a tre-
mendous increase in demand for recreation from this mountain 
area. This demand should be catered for in an orderly fashion 
to ensure that there is no deterioration in watershed, or scenic 
values. 
As watershed protection is the most important use for the 
catchment, recreation can be encouraged so long as it does not 
conflict with this principal use. To ensure that recreational 
enterprises such as dude-ranching, big game farming, etc. do not 
conflict with watershed protection, it is suggested that all 
proposals for recreat±on outside the ArthurUs Pass National Park 
should be approved by the North Canterbury Catchment Board. 
The Arthur's Pass National Park lessens the problem of 
available land for recreation. However, in future there could 
be a demand for the use of unoccupied lands beyond the farms. 
Access through the farms will therefore have to be guaranteed. 
Recreation will probably be developed by individuals and 
organisations. However, precautions must be taken to ensure 
that this development enhances the natural beauty of the catch-
ment, and does not detract from it. Townships should blend 
with the landscape, rather than detracting from it. Aesthetic-
ally the settlement at Bruce Stream, and the proposed settlement 
at Goldney Saddle leave much to be desired. 
This Institute therefore recommends: 
1. That recreational use of the area be encouraged as long 
as it does not conflict with aims and objectives of soil conserv-
ation and rivers control B or pastoral use. 
2. That all proposals concerned with recreation outside 
the Arthur1s Pass National Park and Craigieburn Forest Park be 
approved by the North Canterbury Catchment Board, as well as 
other authorities. 
3. That the local County be asked to ensure that the 
standard and siting of all buildings be such that they do not 
detract from the beauty of the area. 
4. That where areas of recreational value, or potential 
value, may become isolated, public access to such areas be 
provided. 
CHAPTER 21", 
DISCUSSION & RECOMMENDATIONS FOR RESEARCH 
From the evidence presented in this report, it has been 
suggested that the most important use of the catchment is for the 
regulation of river flows It was therefore recommended that 
the upper montane and alpine class VII and VIII land be retired 
from grazing~ This recommendation was made on the assumption 
that with no grazing the vegetative 'cover will improve, and that 
as a consequence, so too will the streamflow characteristics. 
However, it has been pointed out that the effect of destocking 
on sward improvement is unknown, particularly at higher altitudes:.'. 
Also.the···.·type·:'·or qual.·ity.'.of cover:·requi~·edtdgive:'·the bes.t con-
ditions .for . .'streamflow .areun~nown ~.: . IN'hile "the. indications ,·are.that 
afforestation gives the best results (in terms of reduced flood 
peaks, and fewer floods) the costs and benefits of this compared 
with the costs and benefits of protective grasslands, are unknowns 
Because of these unknowns the most important field of 
research is the one which will provide factual information about 
the protective cover requirements of this or any other catchment. 
This information could be obtained from a new concept of 
land-use hydrology~ 
21.1 A NEW CONCEPT IN LAND-USE HYDROLOGY 
In 1964 the Tennessee Valley Authority produced a report 
"Bradshaw Creek - Elk River~ A pilot· study in Area-Stream factor 
correlation. II 
The study outlined a method of evaluating the effect of 
plant cover (and other catchment characteristics) on stream flow. 
It was suggested that when the costs of establishment of each 
type ~f cover were known, and the benefits of each in terms of 
reduced flood flow had been found, they could be linear-programmed 
with the construction costs and flood protection benefits of 
downstream works. The result would be the most economical method 
of river control. 
In the first place, slope g soils, erosion, vegetation and 
other area factors are described by survey and sampling. Then 
the.runoff volumes, hydrograph shape, and other stream factors 
are found by streamflow gauging and rainfall measurement. The 
crux of the method is the correlation of these area and stream 
factors. Because of the large number of factors involved the 
statistical analysis can be handled only by computer. The end 
result i3 that the area factors are evaluated for their effect 
on streamflow. Thus the relative importance of such factors as 
soils, vegetation, slope and catchment shape, to streamflow can 
be assessed. If each area factor could be given a streamflow 
value it would follow that streamflow could be predicted for any 
catchment where the area factors were known", Alternatively the 
effect of different vegetative covers on streamflow could be pre-
dicted. Thus in the Waimakariri, forests, snow-tussock, fescue 
tussock and other covers could be compared. When the cover 
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requirements for streamflow have been found, they could be com-
pared with the actual cover. A decision on future land use 
could then be made in the light of actual cover requirements. 
The idea of predicting streamflow ,from rainfall on various 
types and conditions of cover is not new. It has been the 
ultimate objective of many studies0 However, because of the 
large number of variable factors which are involved in the 
hydrologic cycle, past studies have considered a small part of 
the problem involving only a few variables~ Consequently the 
results have been of limited usefulness in catchment studies. 
The high speed computer has made it possible to evaluate large 
numbers of factors, and because of this the results should have 
a wider application than formerly~ 
This does not imply that former studies and methods are of 
no valuee On the contrary the data required by this compre-
hensive method can only be obtained from many separate studies 
which look at parts of the problem. The point is, that the 
value and usefulness of these projects will be greatly increased 
when they are considered as components of a more comprehensive 
procedure. The method outlined in the Tennessee Valley Authority 
report is essentially an analysis and synthesis of a wealth of 
information obtained by workers in many disciplines~ It can be 
considered as a method which connects many compartments of research, 
to produce a result which no compartment could produce by itselfg 
Hydrological research has of past necessity studied segments 
of the hydrologic cycle$ So far the answers have been segmented, 
and of limited use in planning the future use of mountain catch-
rnentsg To get the most out of the work which has been done 
and will be done, hydrologic research needs a unity of purpose. 
The comprehensive method of stream flow prediction outlined in 
the Tennessee Valley Authority report could provide such unity. 
It is suggested that this Institute and the Agricultural 
Engineering Department of Lincoln College formulate a compre-
hensive method of streamflow prediction0 
This Institute should undertake this work since it involves 
coordinating and synthesising the work of many disciplines. 
For technical reasons the Engineering Department at Lincoln 
College is the logical partner in such work~ 
It is therefore recommended that this Institute and the 
Agricultural Engineering Department of Lincoln College formulate 
a comprehensive method of streamflow prediction. 
While the formulation of a comprehensive method of stream-
flow prediction transcends all other research, there are four 
fields in which research should proceed concurrentlyo 
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21.2 ECONOMICS 
It has been suggested that it will be necessary to change 
the present system of farming in the catchment. However, the 
economic implications of such a change are largely unknown-
Because economics is such an important subject it follows that 
the required changes in land use could be held up for want of 
economic data. 
Dils (1965) recognised that economic research was of great 
importance and listed eight aspects of the subject for further 
study. They were:-
"(1) Assessment of present production from Class VIII and 
Class VII lands with production costs and returns, probably 
corresponding costs and returns to runs with Class VIII and 
eroding Class VII land out of production, and the cost and 
benefits of application of conservation measures necessary and/ 
or desirable on remainder of the run. 
11(2) "Study of the increasing use of cattle in high-country 
agriculture with and without land use adjustments noted in (1) 
above" 
11(3) "Analysis of costs to runholders and costs to public of 
applying recommended conservation practices to readjusted runs 
under present subsidies (exclusive of treatments that might be 
recommended on retired lands) .. Particular attention should be 
directed to the determination of location, amount, and cost of 
fencing required for land retirement. 
"(4) 'cost studies of recommended treatment of critical areas 
on lands released by runholders under land-use readjustment (as-
sumed to be borne by public) . 
"(5) . Investigation of optimum flock size in relation to 
net incomem It may be possible that present net income may be 
maintained even with smaller flocks where the resulting ~ower 
production figures are balanced against reductions in management 
costs (mustering etc.) .. 
11(6) 'Evaluation of possible cost-sharing arrangements' with 
runholders willing to apply practices which actually reduce net 
run incomes but which are in the public interest. 
"(7) 'Cost and benefit analysis of weed control (gorse, sweet-
brier, broom, manuka, and matagouri) followed by good paddock 
development on presently infested lands. 
1I{8) Assessment of anticipated costs and returns from pro-
.duction forestry use on high-country lands. Due consideration 
should be given to the costs of establishment, treatment, and 
harvesting, and to the reduction of public expenditure for erosion 
and flood control. Consideration should be given to both long-
and short-rotation species. 1I 
Particular emphasis should be placed on No. (1), the 
profitability of farming without the use of Capability classes 
VII and VIII. The cost benefit study of the Grasmere Experimental 
If' 
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Block (in Chapter 15) indicated that intensive farming in the 
lowlands could be profitable, and that the faster the development 
the greater the,profit.. However, indications are not enough .. 
The profitability of intensive farming in this environment must 
be accurately determined so that runholders, and lending institu-
tions, will have confidence to invest in these properties. 
Economic problems of the high country cannot be solved by 
anyone agency.. Rather all agencies that are involved in high 
country land use should be encouraged to consider the economic 
aspects of their particular interest. In this way all' fields of 
land use could in time, be supported by economic data.. While 
other agencies should be encouraged to expand their interest in 
this fi~ld9 this Institute should take an active and leading 'part. 
An economist should be appointed to work closely with the Manage-
ment Officer, and the Agricultural Economics Re'search unit at 
Lincoln College. 
It is therefore recommended 
(1) That this Institute encouraqe all aqencies concerned 
with the high country to extend their interests further into the 
field of economics~ 
(2) That thi~Institute appoint an economist to' study inter 
.a.l.ia the economic implications of changing the present;j\eistoral.:::. 
syst,em ;of land use . 
" 
21~3 REVEGETATION STUDIES 
Dils (1965) included in his recommendations for research the 
re-establishment and reinforcement of vegetative covers. 
Ui'High priority research is recommended to d~teim'ine treatment 
needs, to prescribe methods, and to measure recovery as noted: 
01 (l) Assessment of treatment needs 
'\ 
"nAn extensive survey of selected high-country areas is sug-
gested in which site and erosion conditions will be analysed 
from the stand-point of: 
fil (a) Areas which would likely recover without treatment 
other than protection 0 
II (b) Areas where limited reinforcement planting or seeding 
appear justified, and 
!!(c) Areas where revegetation and possibly mechanical re-
habilitation appear warrantedo Based upon this assessment, and 
the best information currently available, criteria for determining 
the need and type of remedial treatment should be prepared. As 
results from treatment experience and from research become avail-
able, these criteria should be altered accordingly. 
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O'Observations at an exclosure in Starvation Gully (Waimak-
ariri Basin) indicate that natural recovery of depleted grassland 
may be effected by the exclusion of fire and grazinge 
OIEcological studies, necessarily of a long-term nature, 
should be initiated or expanded to measure rates of recovery under 
varying conditions of cover, erosion o exposure, proximity to seed 
source and perhaps treatment~ In the case of colonization by 
matagouri, sweetbrier and manuka, the question is posed, will 
native bush species, e.g~ beech, invade following a period of site 
preparation by these early species? If so, how long a period of 
time intervenes? Could this process be accelerated by site treat-
ment or planting? Observations, measurements, and treatments on 
permanent sample plots should provide valuable information in this 
regard" II 
Data from this type of research will be extremely important 
in futurec When the type of plant cover for hydrological pur-
poses has been determined~ the questions will then become, IIHow 
can this be achieved? I At what cost? I Will natural regenera tion 
be an adequate method of sward improvement?D! So that the 
answers to these and other questions will be available projects 
along the lines recommended by Dils must be initiated now o 
This Institute therefore recommends 
(1) That the New Zealand Forest Service Experiment Station 
be encouraqed to continue and expand its present proqramme of 
condition and trend in the Ul;ipe:;r; montane and:' alpine: g.ra:s§l.ands. 
(2) That the North Canterbury Catchment Board be encouraged 
to present results from the line transects and plot exclosures 
it has established, and that this work be continued in the future $ 
(3~ That this Institute concurrent with its studies on re-
vegetation on eroded lands study condition and trend of the 
tussock grasslands~ 
2104 HYDROLOGY 
Al!though it is suggested that there is a need for a compre-
hensive method of predicting streamflow it is not suggested that 
further work should wait until such a method is found, In fact 
this method will be dependent ,c.n basic data such as streamflow 
and precipitation measurements" At present 'cl.ima·tic:andhydrolpgical 
records for the catchment are inadequate for anything more than a 
regional study ... ",. .c. '.1. " 
Streamflow records west of the Gorge 
a few measurements at one or two sites~ 
real problems associated with gauging the 
importance of this data will be such that 
be overcome, and records obtained~ 
Bridge are limited to 
While there are very 
major tributaries the 
these problems must 
Precipitation data indicate regional distributione However, 
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more detailed knowledge will be required to solve the complex 
inter-relationships between catchment condition and streamflow. 
The North Canterbury Catchment Board, Ministry of Works, and 
New Zealand Forest Service at present collect most of the hydro-
logical data within the catchment. It is suggested that these 
authorities should expand their present data collecting activities. 
This Institute therefore recommendsothat the North canterbury 
Catchment Board, Ministry of Works, and New Zealand Forest Service 
should expand their present data collecting activities to provide 
more detailed information about the climate and streamflow of the 
catchment~ 
21&5 TECHNIQUES OF AGRICULTURAL IMPROVEMENT 
There are four aspects of this field which need further 
research. 
(1) Fertilizers 
Indications of the initial fertility requirements of the 
soil were given in appendix 15elo However 0 useful as these may 
be, they are not enough. Accurate assessments of the initial 
and maintenance fertilizer requirements of each soil must be made~ 
The success or failure of the intensive system of farming may well 
depend on the results of this worke 
This Institute therefore recomrnends o that the Department 
of Agriculture should expand its work in soil fertility studies 
and make available any such information currently held in files. 
(2) Productive capacities of the soils in the catchment 
It is well known that some soils are more productive than 
others 0 The question is, which soils, and what is their mar-
ginal productivity? It is important that at an early stage 
the productive capacity of each soil be determined, and that the 
costs of this production also be assessedo When this is known 
runholders and their advisers will be able to assess the costs 
and benefits of development of each soil found on a property. 
Then a logical programme for developme~t can be formulated 0 
This Institute therefore recommends 
10 Jhat the Department of Agriculture be encouraged to 
assess the productive capacities of each soil type found within 
the Waimakariri catchrnento 
2. That the Department also assess the costs of production 
so that the costs and benefits of production for each soil can 
be compared. 
(3) Winter pasture production 
It has been indicated (in Chapter 18) that the provision of 
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winter feed will limit the carrying capacity in this catchment. 
The balance of winter and su~mer feed supplies, could be 
improved if pasture p.roduction could be extended in the late 
autumn & winters and early springQ 'While considerable work has 
been done on this problem elsewhere tl relatively little has been 
done in this environment " 
This Institute ~he~ef9r~~=JCecornmends that the Grasslands 
Division of. the De~ar.tm~~1t=~O~ Sc~-~nti~ic and Industrial Research 
be encourag§;d ~_o . si:;~~L=~~=-=.J2~gl?J~ms"S?~~ wi!lter p~st~=re and crop 
prod 'U ct: ion ~ iP,. o~:]~~~o~=iY~~~=2J~~e!1~i.~5).!1!~c!l,~ 0 
The Department of ,Agricult,ure have studied pasture establish-
mente among other. things 0 at the Broken River Experimental area~ 
It is unfortunate tha,t after more than ten years only some of the 
early results have been made known" To adequately plan a farm 
development prog,raromethe costs and benefits of establishment 
methods on each class of must be knowno 
1" ~F~_t-. t~1t~==:Qo~3!£tnls:!lt _~Q~==S3ric~11~u~e 1l!@:."j{e known the results 
of the pa~tul:'_~_, eJ3tab~JE~~o~_~al?_.t1:Lre_ ~e_c~;es ~I1:d manurial treat-
ment tria.ls ~:t- ~,roken RJv~;f> 
2 o~h~ . .:t f..i~qL.1Hl~~p~?,nst;)L}.c~~fcl1_=};"-e~rem~~nt? b~ reconsidered 
when t1J&, re_,~'9,l~~~£!=' J;~f~;0~~tj~£!;,~=~~~=2-£Q}r:@!1>,,.;~tye r a:t:<? known" 
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APPENDIX 3.1 
Geological Time Scale (after Zumberge, 1958) 
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APPENDIX 4.1 
Records Available from Rainfall Stations* 
Manual Automatic Charts 'Yearly Key 
Station Altitude Daily Monthly Daily. Monthly only aVe to Map 
Arthur's Pass Store 2,200 1954-64 1956-64 1930? 180.00 1 
Arthur's Pass R/Way 2;200 1923-48 156.40 3 
Poulter 2,400 1960-62 1953-62 122.02 5 
Bull Creek 2,500 1963-64 1963-64 6 
Avalanche Peak 5,500 1953-62 2 
Nigger Hill 2,400 1960-64 1950-64 40.89 7 
Bealey Hotel 2,000 1868":"79 71.90 4 
Bea1ey Hotel 2,000 1890-1921 
Bealey Hotel 2,000 1923-37 
Bealey Hotel 2,000 1955-63 
Grasmere 1,950 1931-64 1958-64 49.95 8 
Craigieburn 1,'840 1923-45 36.70 9 
Castle Hill 2,700 38.20 10 
Mt. Eny's 3,000 1961-64 41.39 11 
Flock Hill 2,000 1923-63 50.30 12 
Mt. White 2,000 1923-45 39.91 13 
Mt .• Torlesse 1,200 1924-64 38.10 15 
Wharfda1e 1,420 1948-64 1958-64 43.10 16 
O}(uku 2,600 1960-64 1956-64 44.07 17' 
High Peak 1,500 1954-64 1958-64 46.00 18 
East Oxford 850 1922-63 39.30 19 
Homebush 900 1925-63 37.48 20 
Ashley Gorge 810 1920-64 1955-64 51.15 21 
Selwyn Gorge 980 1956-64 1954-64 39.50 22 
, . 
ALL ABOVE RECORDS ARE LIKELY TO HAVE SOME DAILY RECORDS ON CHARTS MISSING. *Source: North Canterbury catchment Board 
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APPENDIX 5.1 
Description of the Soil Sets found within the Waimakariri 
Catchment 
ASHWICK (silt loams, stony silt loams) 
Area: 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
1 .. 0% 
Greywacke alluvium, with a thin covering 
of loess in places. 
Fescue tussock grassland. 
Flat to very gently undulating plains and 
fans. 
30 - 36". 
5 11 dark-grey.-brown stony silt loam granular 
structure. 
10" pale yellow gritty stony silt loam .QI!. 
loose brown gravel. 
Some wind, erosion where surface has been 
bared by fire. 
Generally above 1,000 feet - winters cold 
with many snowfalls - summers dry, hot and 
windy. utilisation and productivity 
limited by stony profile. water supply 
may be inadequate. 
KAKAHU (silt loams) 
Area: 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
0 .. 5% 
Loess fro~ greywacke. 
Fescue tUfsock grassland .. 
Rolling ridges 
30 - 40" 
5" brown-grey silt loam 
5" pale-yellow-grey silt loam 
12" pale-yellow silt loam,firm; 
QD yellow silt loam/mottled. 
Some sheet erosion. 
Good grazing potential with topdressing. 
Occupy higher colder downs from 800-1,600 
feet; well distributed rainfall; summer 
droughts rare. 
KAKAHU HILL (mostly silt loams) 
Area: 
Parent Material: 
Native Vegetation: 
Not mapped as a set in the catchment. 
Loess and greywacke. 
Fescue tussock grassland, manuka scrub and 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
some broadleaved forest in gullies~ 
Moderately steep with some gullies. 
30 - 40" 
6" grey silt loam 
4" pale-grey-yellow silt loam firm 
on yellow silt loam mottled. 
Slight sheet erosion in places~ 
2"2'!-', 
Higher colder downs. Considerable areas 
have reverted to scrub and gorse. Well 
suited to exotic forestry.. Good grazing 
potential with topdressing. 
STAVELEY (mostly silt loarns) 
Area~ 
Parent Material: 
Native vegetation: 
, Topography: 
Rainfall~ 
Modal Profile: 
Erosion: 
Notesg 
1.0% 
Greywacke alluvium and loess. 
Beech forest (black) .. 
Flat terrace land. 
45" 
8" brown silt loam nut structure 
8" pale-yellow-brown heavy silt loam/nut 
structure/ Q!! gravels .. 
Nil .. 
These soils do not dry out severely, and 
because of this they are valuable for 
mixed cropping or grazing. 
ALFORD FOREST HILL (mostly silt loams) 
Area;;; 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion~ 
Notes~ 
0.2% 
Greywacke with greywacke loess in places. 
Broadleaved-podocarp foresti some beech 
forest. 
Moderately steepo 
35 - 45" 
7" dark-grey-brown crumb silt loam, friablei 
14~' pale-yellow-brown blocky silt loam 
with rock fragments/friable. 
on brown-yellow massive/blocky sandy loam, 
firm. 
Also -
3" pale-brown crumb silt loam friable 
15" pale-yellow-brown blobky stony silt 
loam, friable to firm 
Q.£ greywacke .. 
Slight sheet erosion. 
Rainfall adequatee Areas cleared of 
forest capable of some improvement by con-
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ventional development. Also suitable 
for forestry but some danger of windthrow. 
water supply adequate from streams. 
HURUNUI STEEPLAND (mostly stony silt loam) 
Area: 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
"Notes: 
1~0% of catchment 
Greywacke and talus, some patches of loess~ 
Fescue-silver tussock grassland with scrub 
and bush in gullies~ 
steep with some m9derately steep - 500 to 
3,000 feeto 
27 - 45" 
6 11 brownish-grey stony loam 
1211 grey--yellow stony loam, few orange 
flecks on pale yellow stony loam. 
Slight sheet erosion - less prone to sheet 
and gully erosion than Tekoa soils~ 
Rainfall evenly distributed with consider-
able cloud and fog~ Burning leads to 
browntop dominance of the sward. Manuka 
and gorse may invade locally. Areas of 
Kakahu soil may have developed on patches 
of loess within this soil set. 
CRAIGIEBURN (silt loams and sandy loams) 
Area: 
Parent Material: 
Native vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion~ 
Notes~ 
2$9% 
Greywacke loess over alluvium. 
Fescue tussock grassland and small patches 
of beech forest" 
Flat and undulating terraces. 
40 - 60" 
5" dark-grey-brown silt loam; 
5 11 yellowish-brown sj.lt loami 
structure ,. 
crumb structure 
weak nut-
2E yellowish-~brown' stony sandy loam 
Localised areas depleted by wind erosion 
have shallower droughty profiles. 
Severe wind and frost erosion locally. 
Cold winters with some snow; -short growing 
season B capable of supporting introduced 
pasturee Shelter and fertiliser essential. 
These soils are similar to the Cass soils 
on the neighbouring rolling surfaces. 
They are friable and subject to frost action. 
They are suited for deveiopment as demon-
strated at the Broken River Experimental 
area but subdivision and careful manage-
ment are necessary. 
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MESOPOTAMIA (silt loams to fine sandy loarns) 
Area: 
Parent Material~ 
Native Vegetation: 
Topography~ 
Rainfall~ 
Modal Profile: 
Erosiong 
Notes~ 
0.2% 
Greywacke alluvium and loess. 
Snow-tussock grassland. 
Flat to easy rolling high terraces. 
30 - 45" 
891 very-dark-=grey crumb fine sandy loam; 
very friable 
6" olive-brown crumb fine sandy loami 
friable.? 
108! yellow·-brown single grain fine sandy 
loam, firm massive 
2ll gravels0 
Liable to wind and frost erosion, moderate 
in placeso 
These soils occupy similar localities to 
Craigieburn soils except that they have 
accumulated greater quantities of wind-
borne dusts and have developed deeper 
topsoils and subsoils" In a few locali-
ties cultivation may be possible but the 
risk of severe wind erosion would require 
protection of this land by shelter belt 
tree planting", Growing season short. 
Water supplies generally inadequate. 
CAS~ (fine sandy loams and stony loarns) 
Area:; 
Parent Material:; 
Native Vegetation: 
Topographyg 
Rainfallg 
Modal Profile:; 
Erosion 
Notesg 
2,,2% 
Greywacke moraine, alluvium and loess~ 
Fescue/snow-tussock grassland, patches of 
heath scrub~ 
Easy rolling moraines and fans. 
50 - 70" (around Coleridge and Broken 
River 408!) 
58! brown silt loamI crumb structure" 
IOu yellow·~brown silt loam plus stones, 
blocky structure merging to bouldery till" 
Also -
5 11 greyish-brown stony silt loam 
Qll yellowish-brown stony silt loam. 
Moderate sheet 0 
Original cover was probably beech forest 
but this has been replaced by fescue 
tussock grassland$ Topsoil structure is 
weak and. wind erosion is a, major hazard 
under cultivation <> Where. the soil is 
bared by depletion of th~ vegetation 
frost lift is generally active. Some 
areas are reverting to manuka, .Ca~sinia 
and gorse 0 
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CASS HILL (mostly fine sandy loams) 
Area: 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes ~ 
1.4% 
Greywacke 
Snow·-tussock and scrub. 
Moderately steep with patches of flat 
and rolling country. 
50 - 70" 
Details of profile similar to Cass soils. 
Liable to severe sheet and gully erosion., 
Similar to Cass" 
KATRINE (sandy loams and stony loams) 
Area~ 
Parent Material; 
I 
Native,Vegetation: 
Topography~ 
Rainfall: 
Modal Profile~ 
Erosion~ 
Notes: 
3.0% 
Greywacke alluvium and moraines~ 
Beech forest (silver and mountain) . 
Flat and gently sloping fans and moraines: 
small area undulating to rolling. 
75 - 100" 
411 dark--brown sandy loam blocky structure; 
15" reddish yellow sandy loam blocky 
structure 
2D stony gravels~ 
Liable to wind erosion~ 
In many respects the soils are similar to 
the Cass soils but exist under, a higher 
rainfall and have experienced a greater 
leaching of plant nutrients. Some pro-
files show a distinct white A2 horizon 
characteristic of the podzols. Where the 
beech forest has been cleared the soil 
supports a fescue~tussock and scrub as-' 
sociation. Bare ground is affected by 
frost lift and wind erosion. These soils 
are suited to limited pasture improvement 
but require careful management. 
KAIKOURA STEEPLAND (loams and stony loams) 
Area~ 
Parent Materialg 
Native Vegetation: 
Topography~ 
Rainfall: 
Modal Profile: 
10 .. 4% 
Greywa~ke 
Snow--tussock grassland, subalpine scrub 
in places. 
Steep to very steep, 2,700 - 6,000 feet. 
30 - 75" 
(1) 5" very-dark-grey brown crumb sandy 
Erosion~ 
Notes ~ 
loam, very friable 
12 81 yellow-brown crumb gritty silt 
loam, friable 
Q.!l pale-yellow-brown very stony sandy 
loam, loose. 
(2) 5" dark-brown crumb/nut silt loam, 
very friable; 
12" yellow-brown nut/crumb stony silt 
loam, friable 
~ greywacke rubble in olive brown 
sand and silt matrix~ 
Also -
Many truncated profiles capped with 
stone pavements and much bare talus~ 
Severe frost movement; sheet erosion severe 
and much scree" 
Large areas throughout mountains of South 
Island usually above 3,000 ft. Included 
are some more stable soils (Tekoa, Tekoa 
hill) occurring at lower elevations. 
Kaikoura soils exist in a precarious equili-
brium on steep slopes maintained by snow-
tussock cover~ In some areas this equili-
brium has been upset both before European 
settlement when forest was destroyed, and 
subsequently" New soils with sandy tex-
ture (Profile 1) occur widely and replace 
the original long stabilised soils with 
silt loam textures (Profile 2) ~ Many 
seriously eroded areas and bare unstable 
screes~ Undisturbed topsoils are rich in 
organic matter and although low in avail-
able phosphate there is an effective 
cycling of nutrients by deep-rooting plants. 
TEKOA STEEPLAND (stony loams and silt loams) 
Area~ 
Parent Material~ 
Native Vegetation~ 
Topography~ 
Rainfallg 
Modal Profile: 
Erosion: 
13~4% 
Greywacke<> 
Mountain beech forest and patches of 
manuka scrub .. 
Steep 1,200 - 3,500 feet. 
45 - 55" I· 
5" dark-grey-brown crumb/granular stony 
silt loam, friable" 
1211 yellow-brown blocky/nut stony silt loam 
QD greywacke rubble with silt matrix. 
Also under beech forest ~ 
2" dark-brown peaty littet: 
14" yellow-brown nut/granular. stony silt 
loam,f friable 
1011 yellow-brown blocky stony silt loam, firm 
.Qg greywacke 0> 
Moderate to severe sheet gully and wind 
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Notes: 
erosion, 
Raipf,(3.11 ger,terally adequate except for 
drie,r b,asil1S0' ;Prior to removal of 
,:;fq;J::~~:ts ... in p:r-e-E,uropean times Tekoa soils 
on ste.~p'{slOP~.;9- r'ere generaliy held in 
equi.lib~iuJ:l1:py the:forest and protected 
from .tll~ ~f.9siv~,. agencies of frost and 
wind.; .. ', ,/.W;LCle.ppr~,~d erosion on these soils 
is now evident... Some soils have been over-
. .. '.. 
\whelmecl, by\~c,l::e.e; from higher altitudes. 
E~q:ept whexes':i1:i~oil is showing it is dif-
ficult to assesp, the degree of erosion in 
these .so~lsl be~ause in their natural 
state .. lJn<l~.rbe,ech forest, very little 
humification of the topsoil is evident. It 
is only': under tus's,ock cover that a rO:6t~ 
filled topsoil develops, In the undisturb-
-, .ed,.,s"tate tp,e, tqps:9~J is nutty structur~eq,:) .. 
PQxqus and,:stable.. From 2,000 feet up-
ward.~ there" is ,a gfc:tdual change to weaker 
;structure,~n<i,beYQnd 3, 000 feet these soils 
suppprt talltus,sock and closely resemble 
:l<aikoura. soils; ,ip. .some areas being mapped 
,with them,e0g~ Graigieburn and Torlesse 
Range;s, , 
.sEALEY Sa.1EEPLAND. (mostly st.ony sil,t loams) 
-'f'
r 
Pa r-eht:,.M:aterial : 
Nat,2-Y~~· .yei~~tBt-ao;lil;~; 
Rainfall~ 
Modal Profile: 
Erosion·~ 
Notes~ 
19.7% 
Greywacke 
Beech. fOrest. (mo,ul).ta.in beech) . 
steep to'very steep, some rock outcrops 
1~>500 .... ' 4; 500 ':et.' 
15 - 80 11 
211 pale~grey-brown stbny ihatri) grahti.lar 
structure; 
12" yellow-brown stony loam blocky/structure 
Qll greywacke. ' 
Moderate to severe sheet and scree erosion 
where soil is cleared of forest. 
Large area, usually above ~~DOO feet -
rainfall generally adequate. Considerable 
areas of depleted forest (predominantly 
mountain beech) which require protection 
from further damage by deer. In general 
these soils have deteriorated and with few 
exceptions should be allowed to revert to 
forest.. Water supply adequate with many 
streams .. 
:SPENSER STEEPLAND (loams, stony loams, sandy loams and 
peaty loams) 
Area~ 17,,4% 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes~ 
Greywacke .. 
Subalpine and alpine scrub, tussock etc. 
Steep mountain sides and easy rolling 
ridge tops and basins, 3,500 - 6,500 ft. 
80 - 200" 
~!I - 4" litter* 
3" dark-brown crumb/granular silt loam, 
friable" 
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4" grey-flecked-reddish-yellow blocky silt 
loam, friable" 
10" pale-olive-brown nut/crumb stony silt 
loam, friable", 
on greywacke detritus with sand matrix" 
Also some very stony and shallow soils. 
Moderate to severe wind, sheet! frost and 
gully erosion", 
Spenser soils are found in similar situations 
to Kaikoura soils except that they exist 
under a higher rainfall~ Profiles are 
variable but are consistently coarser 
textured and less weathered than Lewis or 
Tekoa soils., Depletion of the alpine 
vegetation and the greater frequency of 
frosts at higher altitudes will result in 
severe erosion~ These soils do not drain 
freely despite the steepness of many of the 
slopes and are periodically water-logged~ 
These areas have been heavily infested with 
deer and some chamois. 
LEWIS STEEPLAND (sandy loams and stony loams) 
Area~ 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
8.5% 
Greywacke .. 
Beech (mountain and silver) forest and 
subalpine scrub" 
Steep and very steep 1,500 - 4,500 ft. 
80 - 200 81 .. 
1 01 pale-brown sandy loam granular structure 
2" pale-grey fine sandy loam 
9" yellow-brown stony loam, blocky structure 
on greywacke. 
Widespread sheet and gully erosion where 
cleared or where grazed. 
Large areas of these soils have been 
heavily infested by browsing animals and 
*Carpet-grass (Chionochloa australis) north of Hawdon River 
produces ~" - 1" litter with many roots~ Chionochloa pallens 
may produce up to 4" of litter~ 
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serious damage to the soil has occurred~ 
Drainage is generally impeded by sub-
soil and soils are strongly acid in 
reacti6n and intensely leached. Lewis 
soils resemble Tekoa soils except that 
on stable sites or where old beech trees 
have flourished, podzol profiles with a 
distinct A2 horizon have developed. This 
mosaic of profiles with and withoutA2 
horizons is characteristic of many soils 
under beech~forests. This set contains 
a wide range of profiles~ 
CASTLE (silt loams to clay loams e stony in places) 
Area: 002% 
Parent Material: Limestone with a thin cover of loess in 
places~ 
Native Vegetation: Fescue-tussock grassland with silver 
tussock on deep moist sites and matagouri 
on stony outcropse 
Topography: 
Rainfall~ 
Modal Profile: 
Erosion: 
Notes: 
Moderately steep with some steep rocky 
outcrops $ 
35 - 40 11 " 
411 very-dark-grey-brown crumb/granular 
heavy silt loam, friable e 
8 11 dark-brown nutty clay loam with lime-
stone fragments, firm; 
QU fractured limestone with dark-brown 
clay loam in cracks. 
Also some profiles similar to Te Mara hill 
soils found on calcareous sandstones and 
mudstones~ 
Some wind erosion on exposed ridges~ 
Includes some shallow droughty soils but· 
generally suitable for improved pasture 
. management with aerial topdressing and 
oversowing~ The most fertile soils occur 
below escarpments where some limestone and 
sandstone drift is incorporated in the 
soils~ Where drift extends in small 
patches on to neighbouring terraces the 
soils have value for cropping (cf. less 
fertile Craigieburn soils) ~ Other small 
areas not separated on the soil map have 
similar land use capabilities~ water 
supply poor on limestone but plentiful in 
neighbouring areaso 
KOWAl (loams to silt loams) 
Area: ·0.2% 
Parent Material: Greywacke loess, slowly accumulatingG 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
Fescue-tussock grassland. 
Flat. 
35 - 50" 
8" brownish-grey loam, fine granular 
structure 
QD pale-yellow silt loam medium to coarse 
blocky structure. 
Some wind erosion. 
Summer droughts and high winds limit 
utilisation of soils. Wind erosion a 
hazard with over-cultivation~ 
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TASMAN (sandy loams and silt loams, deep, shallow and stony) 
Area: 
Parent Material: 
Native Vegetation: 
Topography: 
Rainfall: 
Modal Profile: 
Erosion: 
Notes: 
1. goA, 
Alluvium from greywacke. 
Fescue and silver tussock grasslandJ 
matagouri scrub on stony sites. 
Flat flood plains and low terraces. 
35 - 150 11 
6" ver.y..;.dark-greyish-hrown sandy loam, firte 
granular and medium blocky structure 
on grey sands and silts, block str'l;lcture. 
Also -
4" very~dark-brown silt loam granular 
structureJ 
6" greyish-brown silt loam crumb structureJ 
1011 greyish-brown sandy loam. 
Stream bank erosion - subject to flooding~ 
As Tasman soils are formed on recently 
deposited sediments they vary considerably 
in texture, depth, drainage, etc. Where 
the soils are deep they are suited to the 
production of winter feed and supplementary 
crops.. Shallow soils dry out severely in 
the summer and provide little grazing. 
Access is often difficult. Soils with 
poor drainage are classified as Dobson. 
LITHOSOLS, ALPINE STEEPLAND 
Area: 
Parent Material~ 
Native Vegetation: 
Topography: 
Rainfall: 
4. goA, 
Greywacke. 
Few widely scattered alpine herbs and 
grasses. Mostly bare ground. 
Steep 4,500 - 6,000 feet, including per-
manent snow and icefields. Region of 
normal geological erosion. 
35 - 250" 
No profile. 
, 
Active geologic~l erosion~ 
Soil 
ASH'IIiOK 
shallow 
silt loam 
KAKAHU 
silt loam 
STAVELY 
silt loam 
HURUNUI 
stony loam 
CRAIGIEBURN 
silt loam 
1:ESOPOTAMIA 
fine sandy 
la.am 
CASS 
silt loam 
AVOCA 
silt ;loam 
KATRTh-E 
silt loam 
PUKETERAKI . 
loam 
KAIKOURA 
silt loam 
TEKOA 
silt loam 
BEALEY' 
stony silt 
loam 
SPENSER 
silt loam 
LEWIS 
silt loam 
KOWAI 
loam 
TASUAN 
stony silt loam . 
Lab. 
No. 
5982 
A-B 
7938 
A-C 
4994 
A-C 
6594 
A-B 
7870 
A-D 
2079 
A-C 
1481 
A-C 
7784 
A-D 
C2851 
A-C 
6239 
A-D 
6610 
A-C 
6607 
A-C 
6607 
A-C 
02858 
A.-C 
02216 
A-C 
4536 
A.-C 
2552 
A-B 
Depth 
0-5 
8-2 
0-6 
9-14 
17-22 
0-7i 
10-16 
42 
0-7 
10-18 
0-3 
3-6 
6-11 
11-13 
0-5 
4-7 
8-11 
0-4 
6-12 
16-20 
0-5 
5-12 
12-16 
16-20 
0-1 
1-3 
3-6 
6-12 
0-6 
9-12 
13-16 
17-20 
0-3 
4-10 
10-15 
0-8 
10-16 
16-21 
0-8 
10-16 
16-21 
0-3 
3-6 
6-12 
0-2 
3-7 
9-15 
18-22 
0-7 
14-20 
35-37 
0-6 
7-12 
Horizon 
A 
B 
A 
B 
o 
A 
B 
C 
A 
B.C 
A1.1 
A1.2 
B 
C 
A. 
A.:9 
B.O 
A 
B 
o 
A 
B1 
B2 
C 
Ai 
A2 
B1 
B2 
A 
B 
o 
o 
.A 
B 
B.C 
A 
B 
B.C 
A 
B 
B.O 
A. 
A.B B.y 
A' 
Jr.2 
B 
C 
A 
B 
o 
A 
B 
pH 
5.1 
5.0 
5 .. 6 
6.1 
6.0 
5.2 
4.7 
5.0 
5.6 
5.6 
5.6 
5.4 
5.4 
5.9 
6.0 
6.0 
5.8 
"5.9 
5.8 
. 6.2 
4.4 
5.2 
5.5 
5.7 
4.9 
4.8 
4.9 
5.1 
5.0 
4.9 
5.0 
5.1 
5.3 
5.4 
5.4 
5.0 
5.0 
5.5 
5.0 
5.0 
5.5 
4.5 
4.7 
5 .. 1 
4.7 
4.7 
4.8 
5.2 
6.1 
5.7 
6.4 
5.4 
5.1 
ALPINE 2166 0-3 A 5.5 
sandy gravel 
• Soil Bureau Bulletin 27 (in press) 
APPENDIX 5.2 
CHEMICAL ANALYSES FOR r.:OST SOILS FOUlID IN THE WAIMAKARIRI CATCHMENT. 
p 
mg% 
( citric) 
14 
13 
4 
1 
1 
12 
8 
32 
4 
4 
21 
20 
15 
7 
6 
4 
4 
3 
5 
3 
16 
7 
5 
4 
8 
23 
49 
4 
2 
1 
4 
2 
1 
7 
7 
6 
9 
2 
4 
7 
22 
14 
35 
2 
3 
20 
c 
% 
5.1 
'·4.4 
0.8 
0.4 
8.8 
2.5 
0.3 
2.8 
0.9 
3.3 
2.1 
0.8 
0.2 
4.6 
4.8 
3.8 
1.3 
1.5 
0.3 
14.1 
2.1 
3.3 
3.1 
5.0 
1.6 
0.7 
0.5 
5.2 
1.1 
0.9 
5.8 
1.0 
0.7 
5.8 
1.0 
0.7' 
8.5 
2.2 
2.7 
10.1 
1.0 
3.3 
5.0 
2.8 
0.8 
0.4 
4.4 
0.3 
N 
% 
0.34 
0.17 
0.29 
0.08 
0.05 
0.38 
0.19 
0.08 
.0.24 
0.16 
0.08 
0.06· 
0.37 
0.26 
0.26 
0.11 
0.11 
0.03 
0.61 
0.07 
0.15 
0.13 
0.24 
0.09 
0.06 
0.05 
0.28 
0.09 
0.08 
0.34 
0.09 
0.06 
0.34 
0.09 
0.06 
0.48 
0.33 
0.20 
0.49 
0.05 
0.15 
0.23 
0.23 
0.08 
0.04 
0.31 
0.04 
A:pprox. 
OM.% -
8.2 
7S 1.4 . 
0.7 
15.6 
4.3 
0.5 
4.8 
1.5 
5.6 
3.6 
1.4 
0.4 
7.8 
8.2 
6.5 
2.2 
2.6 
0.5 
2.4 
3.6 
5.6 
5.3 
8.5 
2.7 
1.2 
0.85 
8.9 
1.9 
1.5 
9.9 
1.7 
1.2 
-9.9 
1.7 
1.2 
14.5 
3.7 
4.6 
12.2 
1.7 
5.6 
8.5 
4.8 
1.4 
0.2 
7.5 
0.5 
C/N 
15 
14 
10 
·9 
23 
15 
11 
14 
13 
10 . 
3 
12 
18 
15 
12 
14 
10 
23 
30 
22 
24 
21 
18 
12 
10 
21 
12 
11 
17 
11 
12 
17 
11 
12 
18 
7 
14 
21 
21 
22 
22 
12 
10 
10 
14 
8 
CEO 
me % 
~1.4 
13.7 
15.9 
10.6 
11.9 
26.1 
14.3 
6.9 
12.5 
10.9 
17.2 
14.9 
9.5 
5.3 
18.2 
14.6 
10.7 
19.8 
.14.6 
7.7 
15.2 
. 9.1 
9.7 
8.0 
29.6 
9.3 
26.9 
22.3 
12.8 
7.5 
6.5 
6.4 
18.5 
12.7 
11.6 
20.0 . 
12.9 
12.3 
20.0 
12.9 
12.3 
21.1 
.16.3 
11.2. 
35.7 
22.8 
31.3 
18.9 
13.5 
9.3· 
4.2 
24.2 
27.0 
7.4 
TEE 
me % 
5.6 
1.1 
6.9 
4.0 
4.5 
10.9 
1.0 
1.9 
8.1 
5.4 
5.3 
1.6 . 
0.5 
0.2 
11.7 
6.4 
3.2 
7.0 
1.1 
0.7 
3.6 
0.2 
0.3 
0.1 
12.5 
2.7 
4.6 
2.1 
3.9 
0.5 
0.8 
0.7 
5.2 
1.1 
0.7 
4.2 
0.6 
0.3 
4.2 
0.6 
0.3 
0.6 
0.3 
0.3 
6.0 
3.2 
1.5 
0.3 
4.4 
4.0 
2.1 
8.0 
6.4 
2.2 
BS 
% 
26' 
8 
'. 43 
38 
38 
42 
7 
28 
65 
50 
31 
11 
5 
4 
64 
45 
30 
35 
8 
9 
24 
2 
'3 
1 
42 
29 
17 
9 
31 
7 
12 
11 
36 g 
21 
5 
2 
21 
5 
2 
3 
2' 
3 
17 
14 
5 
2 
33 
43 
50 
33 
24 
30 
Oa 
me % 
3.4 
0.4 
3.7 
1.9 
2.2 
6.7 
0.4 
1.2 
5.4 
3.6 
3.6 
1.0 
0.2 
0.0 
9.7 
5 .. 2 
2.6 
5.1 
1.1 
0.6 
2.1 
0.2 
0.1 
0.0 
9.7 
2.3 
3.5 
1.7 
3.1 
0.5 
0.5 
0.6 
3.3 
0.8 
0.0 
2.4 
0.3 
0.2 
2.4 
0.3 
0.2 
0.3 
0.1 
0.0 
4.0 
2.1 
0.9 
0.5 
3.4 
3.4 
1.7 
5.6 
5.3 
1.S 
Mg 
me % 
'1.2 
0.3 
2.1 
1.9 
1.8 
2.7 
0.2 
0.3 
2 .. 0 
1.4 
0.8 
0.4 
0.3 
0.2 
1.8 
1.2 
0.6 
2.1 
0.25 
-0.1 
0.5 
0.0 
0.1 
0.0 
2.3 
0.5 
0.4 
0.1 
0.7 
0.1 
0.0 
0.0 
1.0 
0.2 
0.0 
1.0 
0.1 
0.1 
1.0 
O~1 
0.1 
0.3 
0.2 
0.0 
1.4 
1.8 
0.5 
0.3 
1.2 
1.0 
0.7 
1.6 
1.2 
0.5 
K 
me % 
0.55 
0 .. 50 
0.45 
0 .. 10 
0.05 
2.0 
0.55 
0.35 
0.85 . 
0.30 
1.05 
0.25 
0.05 
.0.05 
1.10 
1.50· 
0.50 
1.35 
0.25 
0.10 
0.75 
0.20 
0.20 
0.10 
0.9 
0.15 
0.35 
0.35 
0.70 
0.25 
0.25 
0.30 
1.05 
0.15 
0.10 . 
O.B 
0.15 
0.10 
0.80 
0.15 
0.10 
C.45 
0.25 
0.00 
0.70 
0.25 
0.20 
0.25 
0.75 
0.30 
0.35 
1.50 
1.10 . 
0.20 
Na 
me % 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 
0.4 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
0.1 
0.0 
0.1 
0.1 
3.1 
0.2 
0.3 
0.4 
0.3 
o.? 
0.4 
0.3 
0.3 
Kc 
0.31 
0.36 
0.28 
0.27 
0.25 
0 •. 32 
0.25 
0.17 
0.25 
0.17 
Troug 
p 
2 
N 
W 
o 
Organic Total N 
Carbon 
Range % 
Very high :>20 :> 1.0 
High 10-20 0.5-1.0 
Medium 4-10 0.2-0~5 
Low 2-4 0.1-0,,2 
very low <2 <:0,,1 
APPENDIX 5.3 
Ratings for Some Chemical Analyses 
after Taylor & Pohlen (1962) 212-214 
Organic C/N Ratio CEC TEB BS Exch"Ca Exch.Mg Exch.K 
Matter % 
---'me %-- Range me % 
:>35 :>25 :> 40 >25 SO-100 :> 20 :>6 :>1.2 
17-35 15-25 25-40 15-25 60-S0 10-20 3-6 0.S-I.2 
7-17 10=15 12=25 7-15 40-60 5=10 1-3 0.5-0.S 
3<>5-7 S-10 6-12 3=7 20-40 2-5 0 .. 3-1.0 0 .. 3-0.5 
<: 3.5 <:S <:6 <:3 <20 <:2 <:0.3 <:0.3 
Exch.Na 
:> 2 .. 0 
0.7-2.0 
0 .. 3-0.7 
0.1-0 .. 3 
<: 0.1 
N-
w 
I-' 
Location & 
Altitude 
Site and 
Cover So11 Type 
Foggy Pk. sub alpine Kaikoura 
Ridge 3,500' scrub tussock 
t!t Cockayne sub alpine Kaikoura 
Craigieburn scrub tussock 
Range 4,100' 
Mt Cockayne - sub alpine Kaikoura 
Craigieburn scrub tussock 
Range 4,400' 
Foggy Pk. alpine snow 
Ridge 4,500' tussock 
Porter's 
Pass 
3,020' 
snow tussock 
hard tussock 
and herbs 
Kaikoura 
(Alpine) 
Puke teraki 
Porter's 
Pass 
3,000' 
depleted snow Tekoa 
Tarter's 
Pass 
3,000' 
Porter's 
Pass 
tussock grazed 
hard grazed 
snow tussock 
spear grass 
15 years 
regeneration 
snowgrass 
lightly 
grazed 
Tekoa 
Regenerated 
Tekoa 
snowgrass 
Horizon 
A (0-6") 
B (6-12") 
A (0-6") 
B (6-12") 
A (0-6") 
B (6-12") 
A (0-6") 
B (6-12") 
A (O-2fll) 
B (2t-8") 
C (9-12") 
D (12-16") 
E (22-27") 
0-4 
4-8 
8-12 
0-4 
4-8 
8-12 
0-4 
4-8 
8-12 
.API'E1-lDIX 5.4 
PHYSICAL AiiALYSES OF SOME SOILS FOUND ','iITHTIr THE WAnlAKARTIU CATCHMENT 
MECHANICAL ANALYSIS 
~ 
o 
I 
C\I 
'E 
CIl 
CIl 
~ 
11 
14 
15 
21 
13 
11 
44 
42 
46 
46 
46 
33 
50 
£ 
o 
o 
I 
~ 
o 
44 
36 
38 
32 
38 
35 
27 
29 
~ 
o 
o 
o 
I 
C\I q 
o 
+> 
r-i 
..-; 
CIl 
~ 
27 
30 
26 
28 
27 
30 
18 
18 
28 
28 
43 
39 
31 
£ 
o 
o 
" ~ 
r-i 
o 
~ 
18 
20 
21 
19 
22 
24 
11 
11 
23 
24 
11 
24 
19 
21.7 24.5 46.4 7.4 
18.1 30.7 47.5 3.7 
21.9 24.9 50.3 2.9 
20.0 
21.3 
22.4 
25.6 
17.6 
29.9 
34.9 
31.6 
25.4 
27.8 
32.9 
23.6 
41.0 4.1 
44.5 2.6 
51.4 0.8 
40.8 
47.0 
45.5 
5.8 
2.5 
1.0 
Textural 
Class 
silt loam 
silt loam 
silt loam 
silt loam 
silt loam 
silt loam 
sandy loam 
sandy loam 
silt loam 
silt loam 
silt loam 
silt loam 
silt loam 
l 
m_ 
4l • 
I=:r-i 
00 
+>1> 
CIl i; 
0.9 
13.0 
9.6 
14.5 
1.0 
5.3 
7.9 
13.0 
'H 
O\:R 
4lJ:: 
4l 0 
... ..-; 
tV+> 
4lCIl 
A"O 
Cl ij 
63.2 
42.7 
59.5 
39.9 
60.4 
57.6 
36.5 
28.0 
77.2 
64.3) 
53.6) 
69.8 
68.3) 
40.3) 
74.0 
71.9) 
39.3) 
:>. 
+> 
..-; 
m 
J:: 
4l 
A 
~ 
r-i,-.., 
::Jr<)-lila 
z~ i-
0.52 
0.91 
0.75 
0.93 
0.58 
0.76 
0.78 
0.97 
*0.58 
*0.74 
1.01 
*1.145 
1.299 
0.996 
1.301 
1.112 
1.291 
r-i 
CIl 
+> 
o 
8 
-:>. ~+> 
-or-! 
;;0 
~~ 
:alp.. 
77.4 
64.2 
67.7 
63.5 
75.4 
69.7 
69.0 
62.4 
*74.7 
*72.0 
61.7 
o 
... 
C) 
CIl 
:al 
,-.. p, 
~+> 
-or-! 
m 
i~ 
23.8 
22.4 
27.4 
20.2 
28.5 
- 23.8 
30.1 
18.1 
*26.2 
*21.7 
15.8 
*18.3 
) 
) 17.9 
24.7 
18.5 
25.0 
19.5 
MOISTURE RELATIONS 
r-i 
~ 
~ 
~ 
p. 
OJ 
o 
"0 
r-i 
4l 
orl 
IX< 
40.4 
31.5 
32.6 
26.8 
31.9 
36.2 
21.1 
26.7 
58.5 
58.9 
56.2 
53.0 
r-i 
~ 
$ 
~ 
+> 
P. 
~ 
orl 
+> 
r-i 
..-! 
~ 
17.2 
15.3 
12.;7--
12.7 
14.4 
16.4 
9.4 
13.8 
26.9 
27.4 
26.2 
34.3 
r-i 
~ 
$ 
~ 
+> 
co 
orl 
~ 
r-i 
..-! 
! 
23.2 
16.2 
19.9 
14.1 
17.5 
19.8 
11.7 
12.9 
18.3 
20.8 
22.1 
16.5 
Molloy (1964) 
Molloy (1964) 
I'Jolloy (1964) 
Molloy (1964) 
*Horizon == i-3i" 
Wells (1962) 
*Horizon = 8-11" 
*Av of' 3 samples 
Gillingham (1964) 
N 
W 
tv 
233 
APPENDIX 5.5 
possible Ratings for some Physical Analyses 
'McDonald (1961) 
Total Macroporosity Available 
Porosity Moisture 
% % % 
Good :>60 :> 12 High ::> 22 
Fair 50-60 6-12 Medium 14-22 
Poor <:50 <:6 -Low <: 14 
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APPENDIX 7.1 
Phases of Fescue-tussock grassland in the middle Rakaia 
valley (Connor 1965) . 
"Phase fnz A: ... montane fescue-tussock grassland on 
mountain slopes, replacing C. flavescens grassland: Festuca 
novae-zelandiae and Poa colensoi ' chief grasses: cyathodes 
colensoi typical, and in the area beyond the range of Cyathodes 
colensoi, Celmisia spectabilis important: of the many widespread 
tussock grassland sp~cies the grass Anthoxanthum odoratum and the 
mat plant Raoulia subsericea often important cover species: short-
tussock grassland species poorly represented. 
Phase fnz,B: ... montane fescue-tussock grassland on moun-
tain slopes of sunny aspect, at lower altitudes than Phase fnz 
Ai Festuca novae-zelandiae and Anthoxanthum odoratum important 
grasses with Notodanthonia clavat~ abundant in places: the di-
varicating shrubs Discaria toumatou and Hymenanthera alpina 
locally important: short-tussock grassland species and widespread 
tussock grassland species numerous." 
Phase fnz C: ... montane fescue-tussock grassland on, morainic 
downs and" outwash terraces mostly in the dry central sector: 
Festuca novae-zelandiae" and Poa colensoi important grasses: many 
short-tussock grassland species, but the most important is the 
mat-forming shrub Coprosma petriei var. petriei: Discaria tou-
matou and Raoulia subsericea abundant. 
Phase fnz D: ... montane fescue-tussock grassland on morainic 
downs and terraces, replacing Chionochloa rubra grassland: red-
tussock grassland species present: among the short-tussock 
grassland species the shrub Coprosma petriei var . "p'etriei abundant, 
others comparable in number with Phase fnz C: among the wide~ 
spread tussock grassland species F. novae-zelandiae the most 
abundant grass and Discaria toumatou plentiful: Raoulia sub-
sericea and/or Agrostis tenuis often form much of the bottom layer. 
Phase fnz A has clearly replaced Chionochloa flavescens 
grassland and Phase fnz D has replaced C. rubra grassland, for 
species typical of these tall-tussock grasslands persist through 
into the short-tussock grassland stage. But the previous tall-
tussock grassland cover for grassland in Phases fnz B and ~ C 
is not as clear. In the widespread tussock grassland species, 
Trifolium repens, T. dubium, Plantago spathulata, Linum catharticum, 
,F-anunculus lappaceus, Helichrysum filicaule, Aqros...:tis Jcenuis, 
Erythranthera pumila, Poa caespitosa, and Hieracium pilosella 
provide floristic continuity among Phases fnz B, fnz C, fnz D, 
and sharply discriminate against Phase fnz a. Among the short-
tussock grassland species, Cotula perpusilla, Carex colensoi, 
pterostylis species, and Gentiana grisebachii indicate an affinity 
between Phases fnz C and fnz D. But floristic discontinuities 
still define the four phases. 
APPENDIX 7.2 
Effect of some management practices on condition of 
snow-tussock grasslands. 
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O'Connor (1963) considered the effects of cutting and ferti-
lizers on the narrow-leaved snow~tussock, Chionochloa rigida on 
the Craigieburn Range between 4,100 and 5,100 ft. He confirmed 
the opinion of Moore (1955) that the growth of snow-tussock, 
relative to improved pasture species was slow. He found that 
leaf g~owth was directly related to the height of cutting, and 
that cutting also promoted flowering. Fertilizers produced no 
observable growth responses. He concluded that restoration of 
a complete snow-grass canopy cover is a very slow process, and 
that increasing the severity of defoliations retarded this process 
still further, especially at higher altitudes. 
He stated that "Any system of land use which involves de-
foliation of snow-tussock during the active growing season at 
high altitudes must depend for its justification on the develop~ 
ment of vegetative cover as an alternative to the snow-tussock 
canopy to counter the dominant erosive agencies of frost, wind 
and rain." 
Mark (1965 a.b.c.d.) studied aspects of the ecology and 
physiology of Chionochloa rigida in Central Otago. It was found 
that despite the severe environment, snow-tussock grew actively 
for five to eight months each year. However, growth rates and 
productivity decreased with altitude. There was no evidence 
that snow-tussock was out of phase with its environment, or that 
it could be described as a relict species. Some work of O'Connor 
and Powell (1963) was confirmed by Mark who showed that snow-
tussock cQuld tolerate spring burning without permanent damage. 
Mark (in summary, 1966) noted that "Burning triggers a marked but 
temporary increase in growth which culminates irt prolific flower-
ing and the production of al;>undant viable seed during the second 
season after fire. Moreover, under certain conditions fire will 
trigger germination of the long-lived seed lying dormant in the 
leaf litter and many of these seedlings may become established 
provided that frost lifting is not severe. 
"The important aspect to stress from the point of view of 
management is that these apparent adaptations to fire are very 
seriously counteracted by grazing, especially heavy grazing during 
the period when the tussOCKS are recovering from fire. Even 
healthy unburnt plants are vulnerable to heavy grazing. They 
can for example be virtually killed after three years of severe 
annual clipping, and a recently burnt plant, being much more 
pal,atableis more vulnerable to grazing. All grazing of snow-
tussock grassland should be curtailed at least until the third 
season after burning, by which time regrowth will be considerable 
and abundant viable seed will have been produced." 
Where snow-tussock grasslands at low and mid altitudes are 
burnt as an integral part of a grasslands development programme, 
somewhat different conditions of management apply_ O'Connor 
and Lambrechtsen (1964.), who studied the'influence of burning, 
fertilizer and oversowing on a snow-tussock grassland in South 
Canterbury, concluded that; "Fire can be used to improve the 
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evenness of distribution of light .i,rl,the lower storey of a snow-
tussock grassland to promote the development of a sward, based on 
oversown legumes. The charac'ter ,and productivity of such a 
modified grasslandwil.1:be greatlydepehdent'on the fertilizer 
treatrnent# legume seed mixture 8 "resideht bottom-grass composition, 
arid subsequent grazingm.anagemeI),t.. .. I~no fertilizer or legume is 
oversown it is probablE;;; thCttbare gI:'oundexposure will remain at 
a high 'value for' a per<~od' of at least ,12 months ,with considerable 
erosion risk" This. exposure will"be determined principallY by 
the amount of bottom-grass cover~which is likely ,to be dependent, 
in turn, under any particular soil and clima~ic condition, on the 
density and canopy height of snow-tussock.. ,Oversowing of clovers 
with appropriate topdressing after spring burning Gan ensure on 
many sites, at, present under snow-tussock, that thE? soil is within 
one season adequately protected,against frost~ :r;aindrop impact, 
and other erosion agencies according, to the criteria reviewed by 
QOConnor and Powell (1963) ~ If such a programme is carried out, 
grazing management would be necessary to ensure that a suitable 
light regime is maintained for maximum production of sward-forming 
grasses and legumes g especially white clover.. If topdressing 
and oversowing are not carried out a~ter a fire a temporary 
reduction in yield of resident, grasses may be expected. If 
grazing of such grasses is confined to the winter, as in this' 
experiment, it may be expected that they will eventually inc~ease 
relative to the unburnt condition$ If cat.tle grazing were 
practised following burning, it is"probably that high light 
conditions would be prolonged because of repeated defoliation of 
the snow-tussocks~ 
OOAs was pointed out in a review of the salient features of 
this and other experiments (0 ° Connor 1962), snow-tussock growth 
conditions and inter-tussock vegetation conditions vary from one 
soil and climate to another and the results of the present ex-
periment are expected to be applicable only to similar snow-
tussock grasslands in the mid=altitude zone of Canterbury and 
related districts ~n! 
I 
<,,': ' 
APPENDIX 7~3 
The Upper Montane and Alpine Grasslands~ 
1~ Methods of study $ 
2 ~ Composition, structure, condition and trends of 
the major associations~ M.J .. Wraight, 
Scientist, 
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Methods of Study 
Protection Forestry Branch, 
Forest Research Institute $ 
1" 
A study of the composition, condition and trends in condition 
of these grasslands was initiated in 1960, by staff of the Protec-
tion Forestry Branch, Forest Research Institute, N.Z .. Forest 
Service@ Following extensive ground reconnaissances, permanent 
plots were established at 185 sites, selected as representative 
of the most important types of grassland present~ Each plot 
consisted of a line transect 2 chains (44 yards) long, on which 
the specific frequency* of all plants down to mosses was recorded 
using a 6 inch diameter ring every 2 links along the line.. Point 
cover (vegetation, litter, bare soil, exposed rock, bare shingle 
of a scree or erosion pavement of small stones on subsoil) was 
recorded at the centre point of each 6 inch ring station.. Ground 
cover maps were made for each of three 1 sq .. yard quadrats 
located at the centre and either end of each transect.. Supple-
mentary notes describe altitude, aspect, slope, geology, soil 
profiles, plant vigour and animal use" Photographs of each plot 
were taken and the position of each plot has been marked in the 
field by steel pegs and pin pointed on air photographs.. For 
further details of the plot establishment technique see Wraight 
(1962).. Locations of the 185 permanent plots are shown in Fig 7 .. 7. 
2 <> Composition e structure, condition and trends of the m'ajor 
associations 
All alpine and upper montane grasslands in the Waimakariri 
River catchment have been grazed, for varying lengths of time 
and at varying intensities by introduced animals o those to the 
north-west of the Bull Creek - Anti Crow River line by red deer, 
chamois and hares, and those to the south-east of this line by 
sheep, red deer, chamois and hares with some local cattle grazing .. 
In addition most of the grasslands to the south-east of the line' 
and some to the north-west have been affected by fire$ 
To determine the effects of these varying intensities of 
grazing (and burning) on the different alpine and upper montane 
grassland swards each of the 185 permanent plots has bee~ clas-
sified as follows~-
(I) De3ree of Modification, following the patterns outlined by 
Wrais·~:,t (1964) <> Four classes are used. 
*Specific frequency is here used as the number of times a species 
is found to occur within 100 ring (in this case 6 inch diameter) 
stations, either rooted within, or overhanging the ring. 
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(2) ~~te~sped Conditiono The criteria used are a combination 
of these employed by Dyksterhuis (1952) (degree of departure 
of the vegetation from climax) and those advocated by Ellison 
~t ~l~ (1951) (their combination of soil and vegetation 
indicators) ~ The classification is of necessity rather 
arbitary but the examples given below should illustrate the 
four classes used. 
(3) Trend in watershed Condition, using the criteria outlined by 
Dyksterhuis (loc~ cite) and Ellison et al. (loc. cit.). 
Again the examples given below should illustrate the three 
trends, upwards, downwards or stationary. 
Examples of plots established in each of the major associa-
tions are given (Tables 7.7 to 7.14 and Plates 30 to 42) to show 
the composition of swards in their least modified and their most 
modified states, and to illustrate the categories of watershed 
condition and of trend in condition. 
TijE CHIONOCHLOA FLAVESCENS ASSOCIATION 
Throughout the Waimakariri River Catchment the Chionochloa 
flavescens swards are all in a strongly or very strongly modified 
state 0 The example shown in Table 7.7 and Plate 30 - very strongly 
modified, in very poor watershed condition and showing a markedly 
downward trend in condition is typical of the swards of the assoc-
iation. The dominant, Chionochloa flavescens, occurs as widely 
scattered tussocks with only a small scattering of associated 
species - most of which are quite resistant to grazing damage. 
The tussocks of the dominant are often much opened up, since when 
they are grazed the complete tiller of C. flavescens generally 
comes right away from the base rather than breaking off at the 
grazing level. Between the widely spaced C. flavescens tussocks 
are wide areas of bare exposed topsoil, an erosion pavement of 
small stones on subsoil or moving shingle. 
Above 3,500 fto a~sol. the Chionochloa flavescens swards are 
almost all in this state offering very little in the way of water-
shed protection and deteriorating further at an alarmingly rapid 
rate. 
TijE CHIONOCHLOA RIGIDA ASSOCIATION 
Of the 47 plots established in the Chionochloa riqida assoc-
iation 43 were considered to have been very strongly modified and 
4 strongly modified. Two were cons idered to be in good wa~r~:;-;lr:~'~~')~:~:():~::"> 
shed condition 8 11 fair and 34 in poor condition. Trends were' '- '" 
1 upwards, 38 downwards and 8 stationary. 
Table 7 .. 8 column (a) and Plate 31 shows an example of a 
strongly modified c. rigida sward showing good "watershed" con-
dition and a stationary to even upwards trend in condition. 
Chionochloa rigida forms an almost complete canopy, the ground 
surface is completely covered and there is a large variety of 
intertussock species~ Some of these are of the grazing res-
istant type and are present at quite high specific frequencies,e.g. 
Poa colensoi, Celmisia spectabilis, Raoulia subsericea, Gaultheria 
depressa and Dracophyllum pronum but there are a scattering of the 
very palatable, upright growing grazing susceptible species such 
as Poa mackay,!", and Anisotome filif()rme.. Many of the remaining 


TABLE 7.7 
Chiono6hloa flavescens Association 
Specific Frequency* (6 inch ring) and Point Cover 
watershed Condition: 
Trend in Watershed Condition: 
Chionochloa flavescens 
Chionochloa rigida 
Notodanthonia setifolia 
Festuca matthewsii 
Festuca matthewsii seedling 
Poa colensoi 
Agrostis subulata 
Luzula campestris 
Ranunculus ins ignis 
Aciphylla squarosa 
Aciphylla monroi 
Anisotome aromatica 
Brachycome sinclairii 
Leucogenes grandiceps 
cotula squalida 
Celrnisia lyallii 
Celrnisia spectabilis 
Phyllachne clavigera 
Hebe pinguifolia 
Moss 
Point Cover 
Vegetation 
Litter 
Bare topsoil 
Erosion pavement 
Shingle 
Rock 
* See footnote on page 237 
Very Strongly 
Modified 
Poor 
Down 
25 
1 
5 
10 
1 
20 
2 
1 
1 
6 
5 
3 
3 
3 
1 
7 
10 
2 
2 
4 
21 
10 
3 
26 
29 
11 
100 
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TABLE 7.8 
Chionochloa rigida Association and Chionochloa rigida/C. pa1lens 
Association 
Specific Frequency and Point Cover 
watershed Condition: 
Trend in Condition: 
,Chionochloa rigida 
Chionoch1oa pa11ens 
Notodanthonia setifo1ia 
Poa co1ensoi 
Poa mackayi 
Festuca novae ze1andiae 
Festuca rub;ca 
Petrie11a co1ensoi 
Trisetum youngii 
Deyeuxia forsteri 
Aqropyron scabrum 
Carex sp .. 
Geranium microphyllum 
Oxalis cornicu1ata 
Coprosma pseudocuneata 
Coprosma cheesemanii 
Coprosma sp .. 
Aciphy11a monroi 
Anisotome filiforme 
Anisotome aromatica 
Oreomyrrhis ramosa 
Celmisia spectabi1is 
Celmisia lya11ii 
Celmisia discolor 
Senecio lagopus 
Celmisia viscosa 
Raoulia subsericea 
Raoulia grandiflora 
Celmisia 1aricifo1ia 
Hypochaeris radicata 
Crepis capillaris 
cotula squalida 
Rumex acetosella 
Gaultheria depressa 
Dracophyllum pronum 
Hebe lycopodioides 
Hebe pinguifolia 
Hebe epacridea 
Pratia angulata 
Wahlenbergia albomarginata 
Epilobium spp. 
Blechn~m pennamarina 
Moss 
Point Cover 
Vegetation 
Litter 
Rock 
Erosion pavement 
Bare topsoil 
Rock (part of scree) 
(a) 
Strongly 
Modified 
Good 
Stat-Up. 
74 
25 
2 
6 
4 
2 
2 
1 
2 
55 
2 
2 
27 
3 
7 
2 
28 
3 
9 
18 
1 
58 
35 
3 
9 
12 
4 
9 
95 
4 
1 
100 
(b) 
Very Strongly 
Modified 
Poor 
Down 
28 
6 
22 
1 
1 
1 
1 
11 
1 
2 
3 
2 
29 
6 
12 
53 
100 
:( c) 
Very Strongly 
Modified 
Poor 
Down 
20 
14 
5 
8 
2 
1 
3 
1 
1 
2 
11 
6 
20 
1 
1 
1 
5 
5 
3 
1 
25 
4' 
10 
21 
7 
33 
100 
species are intermediate in their ability to withstand heavy grazing. 
Much more typical of the Chionochloa rigida swards is that 
shown in Table 7.8, column (b) .and Plate 32. This has been very 
strongly modified by grazing (and perhaps burn~ng), watershed 
condition is'poor or very poor and trend 'continues to be down-
wards~ Tussocks of the dominant are stunted and well scattered 
and the few associated species are all of the grazing resistant 
type. On approximately two thirds of the area there is no cover 
by vegetation and the topsoil has been removed to leave large bar~, 
rocks or a pavement of small stones on top of sub-soil. There 
are no signs of any halting of this apparently fairly rapid deter~­
,.! 
oration of the original sward. 
As already stated above this situation is typical of the 
condition and trend of the great majority of the Chionochloa 
rigida swards. 
THE CHIONOCHLOA PALLENS ASSOCIATION 
Chionochloa pallens dominated swards fill much the same 
habitat in the north western half of the upper catchment as ,'f..:,., 
rigida swards fill in the south eastern half. In the main they 
have not had the pressure put upon them from sheep grazing and 
burning that the c. rigida swards have had (and in many places 
are still receiving) but they have had their share of grazing by 
deer, chamois and hares. Further, they are found in the wetter 
end of the catchment where recovery from grazing effects should 
be more rapid than in the drier south eastern portion of the 
catchment.' Consequently few of the 3:: / pallens~. swards have been 
modified to the extent of most of the .C .. ··.rigida; .. :\ swards, most 
are in the fair and good condition classes and more than half of 
them show a stationary trend. 
An example of a sward only slightly modified by grazing, in 
excellent watershed condition with a stationary trend is shown 
in Table 7~8, column (a) and Plate 34. Chionochloa pallens forms 
a complete canopy apart from a bare area of erosion pavement at 
the top of the plot where it runs up on to a ridge crest. Be-
neath this canopy are a host of associated species including some 
quite large amounts of some of·the very grazing' susceptible species 
such as Poa mackayi, Ranunculus lyallii, Aciphylla crenulata, 
A. trifoliata and Senecio scorzoneroides. 
In contrast, an example of a very strongly modified sward in 
poor watershed condition showing a continuing downward tren¢i. is 
seen in Table 7.9, column (b) and Plate 35. A broken canopy of 
small scattered tussocks of Chionochloa pallens is seen, associated 
species are much fewer, occur at lower specific frequencies and 
are all of the grazing resistant type,forexample, 'Notodanthonia 
~etifolia and the three species of Celmisia, C. lyallii, ~ 
,Eseudolyallii and C. discolor. The amount of ground covered by 
vegetation is much less as too is the specific frequency of moss 
species. 
Mixed Chionochloa pallens/.C~·. rigida ... swards occur in a 
broad belt running from the northern half of the Craigieburn R~nge 
through to the head of the Esk River. As with,most of the Chi. 
rigida swards they are mainly very strongly modified in poor 
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TABLE 7.9 
Chionochloa pallens Association 
Spec~fic Frequency and ,Point 'Cover 
'Watershed Condition: 
Trend in Conditionl 
(a) 
Slightly 
Modified 
Exc~llent 
StatiDnary 
Chionochloa pallens 96 
Chionochloa pallens per.manent ~n9' 
Chionochloa pallens ephemeral ~in9' 
Chionochloa crassiuscula 
Chionochloa oreophila 2 
Notodanthonia setifolia 
Poa colensoi 
Poa mackayi 
Petriella colensoi 
Deyeuxia forsteri 
Trisetum antarticum 
Hierochloe redolens 
Luzula campestris 
Luzula colensoi 
Rostkovia gracilis 
Ranunculus lyalii 
Ranunculus insignis 
Viola cunninghamii 
Geranium microphyllum 
Cardamine bilobata 
Epilobium spp. . 
Ac!phylla crenulata 
Aciphylla trifoliata 
Anisotome aromatica 
Anisotome imbricata 
Schizeilema hydrocotyloides 
Gaultheria" depressa 
Coprosma pumila 
Celmisia du-rietzii 
Celmisia spectabilis 
Celmisia petiolata 
Celmisia petiolata seedlings 
Celmisia discolor 
Celmisia pseudolyallii 
Ce1misia pseudo1ya11ii aeed1ings 
Ce1misia 1ya11ii 
Ce1misia discolor 
Craspedia unif10ra 
Senecio scorzoneroides 
Gentiana spp. 
Plantago novae-ze1andiae 
Wah1enbergia a1bomarginata 
Mazus radicans 
Euphrasiamonroi 
Forstera tene11a 
Drapetes 1ya11ii 
B1echnum penna-marina 
Moss spp. 
Point Cover 
vegetation 
Litter 
Erosion Pavement 
Bare topsoil 
Rock 
*One large patch at ridge top 
end of transect only. 
42 
22 
2 
10 
2 
2 
12 
12 
30 
14 
12 
52 
26 
,26 
14 
6 
6· 
34 
18 
30 
6 
2 
18 
~8 
6 
4 
2 
20 
26 
28 
4 
12 
2 
38 
2 
36 
86 
4 
10* 
100 
(b) 
Very Strongly 
Modified 
P.oor 
'Down 
50 
4 
3 
1 
28 
43 
1 
3 
5 
1 
2 
2 
3 
1 
13 
4 
12 
11 
2 
7 
1 
7 
2 
10 
41 
21 
29 
1 
8 
100 
Plate 30 
Chionochloa flavescens dominated grassland which 
has been very strongly modifie.d.· A very poor cover 
with widely spaced, small statured tussocks of the 
dominant and littleeffedive· cover offered by the 
inter-tussock species. The Ch. flavescens tussocks 
are being further opened up by grazing as well as 
being overwhelmed by shingle, from within the 
eroding sward, moving downhill. 
(Plot of Table 7.7) 
photo N.Z. Forest Service C. M. Kelland. 
Plate 37 
Chionochloa rigida dominated grassland strongly 
modified but in good watershed. condition. The 
dominant forms a reasonable though far from com-
plete canopy but in this instance the very large 
range of inter-tussock species along with the 
tussocks of Ch. rigida make up an almost complete 
cover. (Plot of Table 7.8, Column (a) ) 
photo N.Z. Forest Service C. J. McKenzie 
Plate 32 
Chionochloa rigida dominated grassland, very 
strongly modified in poor condition. with a con-
tinuing downwards trend. Note the poor cover 
afforded by the heavily grazed remaining tussocks 
of Ch. rigida with only a small amount of cover 
afforded by the small number of inter-tussock 
species close to the tussocks of the dominant. Soil 
is being eroded from the lower sides of the tussocks 
while rocks and soil from erosion uphill ar~ over-
whelming the tussocks from above. 
(Plot of Table 7.8, Column (b) ) 
photo N. Z. Forest Service B. W. Fowler 
Plate 33 
A mixed Chionochloa rigida and t~~'~ClHens do~ina:H!df§.warr:l very st~ong{y 
modified and in poor condition. The do'm'inantsaltholl?1h')~Qf'~i99ioiJ' stature are rath.er 
widely spaced and the only inter-tussock cover of any co;'kl!'q~efice comes from .the 
moderate amounts only of the three Celmisia spp. C. d;sco/or,z'~sl?ectab;lis and 
~/yallii. (Plot of Table 7.8, Column (c) ) , . 
Plate 34 
photo N.Z. Forest Service A. H. Nordmeyer 
Plate 3S 
Strongly modified Chionochloa p.allens dominated 
grassland. The canopy is much broken and the Ch. 
p-allens tussocks of small stature. Notodanthonia 
setifolia, Poa co/ensoi and the Celmisia spp. ~ 
pseudolyallii, .C.!_Jr.al/ii and C. discolor form an 
inter-tussock cover but this is not sufficient to 
prevent further loss of soil and movement of 
coarser material from the sward. Condition is poor 
and trend downwards. 
(Plot of Table 7.9, Column (b) ) 
photoN.Z. Forest Service M. J. Wraight 
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watershed condition and show downward trends $ An example of 
this nature is seen in Table 7~8, column (c) and Plate 33. As 
can be seen this sward is not greatly different in composition 
to the strongly modified ~~ rigida sward", There is, however, 
less exposed subsoil as an erosion pavement than in the very 
strongly modified C" rigida sward. The very strongly modified 
C" pallens swards likewise show less exposed subsoil and more 
exposed small rock fragments without subsoil - more as part of 
an incipient scree, This could presumably be due to the higher 
rainfall of the C" pallens habitat removing subsoil more or less 
as fast as it was exposed", The soils of course are classified 
as Spenser for the ~o pallens association and Kaikoura for the 
C. rigida association. 
THE CHIONOCHLQA CRASSIUSCULA ASSOCIATION 
The Chionochloa crassiuscula swards have been less affected 
by grazing t,han have the swards of any of the other associations. 
The plots that have been established almost all fall in the 
slight to strong modification class, they are all in fair to 
good watershed condition and most show a stationary trend. 
Likewise the Chionochloa pallens/C", crassiuscula swards show 
exactly the same states of modicication! watershed condition 
and trendso The three examples chosen to illustrate the C. 
crassiuscul~ association, Table 7.10 and Plate 10 are hence 
fairly similar. 
The example shown in column (a) I Table 7.10 contains more 
of the grazing susceptible species, e.g., Poa mackayi, Aciphylla 
trifo~iat~ and §~necio scorzoneroides than that shown in column 
(c) Table 7.10, and Plate 36" This latter sward shows less 
frequent occurrences of the dominant C. crassiuscula, much more 
of the relatively grazing resistant Pea colensoi, the lower grow-
ing Anisotorne imbricata in con'trast to A", aromatica and a little 
more of the grazing resistant Gaultheria depressa. But these 
differences are small compared to the contrast shown in the other 
associationso The example shown in column (b) Table 7.10 is one 
where the low creeping shrub element is of importance. Thus 
high specific frequencies have been recorded for Podocarpus 
;nivaLis, Pent,achondra pumila, Cyathodes colensoi and Myrsine 
nu~ularia in particular. Generally speaking, in the Chionoch-
loa cra~siuscula swards a good canopy is provided by the dominants -
denser and taller in the least modified swards - and there are 
a large number of associated species to provide an almost complete 
ground cover,. 
THE CHIONOCHLOA OREOPHILA ASSOCIATION 
Chionochloa oreophila swards like the C. crassiuscula 
swards have been, in the main, not greatly affected by grazing. 
Only a few are in the strongly modified, poor condition and 
downward t:lcHd classes. 
Column (a) Table 7.11 and Plate 37, show an example of a 
lightly modified sward still in good condition showing a station-
ary trendG The ground is covered by vegetation except where 
large rocks protrude through the short 2 to 6 inch high "canopy" 
of Cs oreophila~ Associated species are relatively few, they 
are not conspicuous but contribute to the tight good protective 
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TABLE 7.10 
Chionochloa crassiuscula Association 
Specific Frequency and Point Cover 
Watershed Condition: 
Trend in Condition: 
(a) 
Lightly to 
Strongly 
Modified 
Good 
Up 
Chionochloa crassiuscula 78 
seedlings 3 
Chionochloa pallens 34 
seedlings 
Chionochloa oreophila 
Poa colensoi 
Poa mac~ayi 
seedling 
Poa novae zelandiae 
Deyeuxia forsteri 
Hierochloe redo lens 
Trisetum youngii 
Holcus lanatus 
Petriella colensoi 
Luzula campestris 
Rostkovia gracilis 
Carex spp. 
Oreobolus pectinatus 
Astelia linearis 
Schoenus pauciflorus 
Carpha alpina 
Podocarpus nivalis . 
Aciphylla trifoliata 
seedlings 
Anisotome aromatica 
Schizeilema hydrocotyloides 
Geum uniflorum 
Epilobium spp. 
Pimelia prostrata 
Gaultheria depressa 
Pentachondra pumila 
Cyatpodes colensoi 
Dracophyllum uniflorum 
Myrsine nummularia 
Drapetes lyallil. 
Geranium micropnyllum 
Celmisia lyallii 
seedling 
pseudolyallii 
seedlings 
spectabilis 
seedlings 
laricifolia 
du reitzii 
sessiliflora 
discolor 
Raoulia grandiflora 
Senecio scorzoneroides 
Craspedia unif10ra 
Wah1enbergia a1bomarginata 
Coprosma pumi1a 
cheesemanii 
Gentiana spp. 
Cotu1a sp. 
Phy11achne clavigera 
Plantago novae ze1andiae 
Myosotis sp. 
Mazus radicans 
Blechnum penna-marina 
Lycopodium fastigiatum 
Moss 
Point Cover 
vegetation 
Litter 
Rock 
-Erosion Pavement 
2 
34 
3 
1 
7 
23 
1 
6 
1 
9 
1 
44 
1 
9 
1 
8 
1 
27 
1 
32 
3 
2 
2 
2 
8 
5 
3 
9 
13 
1 
9 
25 
83 
15 
1 
1 
(b) 
Lightly to 
Strongly 
Modified 
Good 
Stationary 
85 
1 
20 
5 
2 
2 
1 
1 
27 
12 
11 
24 
37 
28 
1 
4 
12 
51 
2 
58 
39 
7 
2 
19 
34 
1 
10 
8 
1 
20 
16 
95 
2 
3 
(c) 
Strongly 
Modified 
Fair 
Stationary 
45 
1 
6 
2 
9 
63 
1 
7 
1 
3 
2 
12 
14 
1 
7 
4 
3 
14 
1 
48 
3 
4 
6 
6 
1 
40 
12 
4 
14 
1 
2 
9 
28 
12 
24 
80 
8 
9 
3 
TABLE 7.11 
Chionochloa OreophilaAssociation 
Specific Frequency and Point Cover 
Watershed Condition: 
Trend in Condition: 
Chionochloa oreophila 
Chionochloa crassiuscula 
Chionochloa pallens 
Poa colensoi 
Poa sclerophylla 
Carex pyrenaica 
Schoenus pauciflorus 
Luzula campestris 
Luzula colensoi 
Astelia linnearis 
Oreobolus pectinatus. 
Viola cunninghamii 
Cardamine bilobata 
Epilobium linnaeoides 
Anisotome aromatica 
Anisotome imbricata 
Gaultheria depressa 
Drapetes lyallii 
Coprosma puinila 
Celmisia discolor 
Celmisia haastii 
Celmisia spectabilis 
Celmisia sessiliflora 
Senecio lagopus 
Celmisia petiolata 
Raoulia grandiflora 
Gnaphalium traversii 
Coprosma cheesemanii 
Wahlenbergia albomarginata ' 
Gentiana spp. 
Phyllachne clavigera 
Ourisia microcarpa 
Ourisia cockayneii 
Euphrasia monroi 
Plantago novae-zelandiae 
Moss 
Point Cover 
Vegetation 
Rock 
Litter 
Bare top-soil 
Erosion pavement 
(a) 
Strongly-
Modified 
Good 
Stationary 
90 
72 
50 
36 
6 
40 
14 
12 
12 
38 
1 
40 
80 
L8 
2 
100 
(b) 
Very Strongly 
"Modified 
Poor 
Down 
(recent) 
41 
1 
5 
41 
1 
3 
17 
2 
1 
6 
3 
39 
17 
41 
2 
2 
24 
14 
38 
1 
21 
1 
13.: 
61 
3 
1 
20 
15 
100 
~49 
(c) 
Very Strongly 
Modified 
Poor 
Down 
( older) 
72 
1 
69 
10 
4 
20 
40 
65 
47 
46 
3 
23 
1 
23 
18 
24 
8 
1 
18 
5 
f3 
7 
13 
3 
2 
64 
6 
1 
2 
27 
100 
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sward that is present. A few of these associated species such 
as, Carex pyrenaica and Cardamine bilobata show some susceptibility 
to heavy grazing. There is also a high moss content in this 
example. 
The examples in columns (b), and (c) of Table 7.11 and Plates 
38 and 39 are of the much more rarely occurring swards very strong~ 
ly modified by grazing in poor watershed conditions with the 
downward trend in condition continuing. They both show an opened 
up sward with only a 61-64% vegetation cover. The associated 
species are all of the grazing resistant type. The sward il~ 
lustrated in column (b) Table 7.11 and Plate 38 is considered to 
have only recently deteriorated to its present state, evidence 
coming mainly from the large amount of bare topsoil exposed. On 
the other hand the example shown in column (c) of Table 7.11 and 
Plate. 39 is considered to have been modified and deteriorated 
over a much longer period of time. The bared topsoil has now 
been eroded away to leave quite a coarse erosion pavement of stones 
on old subsoil and there has been a good development of species 
very resistant to grazing damage such as Gaultheria depressa and 
Drapetes lyallii. Moss cover has a~ost been eliminated. 
The sward of the plot of column (b) still supports sheep 
grazing each summer while that of column (c) had heavy deer 
grazing pressure 10. to 3D years ago. 
THE CHIONOCHLOA AUSTRALIS ASSOCIATION 
Chionochloa australis swards, as mentioned earlier, are not 
at all plentiful in the Waimakariri Catchment; in fact they are 
rather rare. When they do occur they are nowhere as extensive in 
area as they are in the mountains further north. They have there-
fore been subjected to quite heavy animal use and it is not pos-
sible to find unmodified swards in the catchment. The initial 
damage has come mainly from trampling since the dominant is virtual-
ly unpalaLable and the associated species of unmodified swards are 
not high in their order of grazing susceptibility. 
The example given in column (a) of Table 7.14 shows a sward 
that has been opened up a little to expose a small amount of bare 
topsoil and some erosion pavement. The Poa colenso-i, Celmisia 
spectabilisand Lycopodium fasti~iatUll could have entered the 
sward following opening up by trampling. 
The example of column (b) Table 7.14 is one in which the 
trampling damage has gone further to the extent that the cover 
has been reduced to expose more erosion pavement of stones on 
bare subsoil. This sward is on a steeper slope than that of the 
example of column (a) Table 7.12, and the opening up process is 
now progressing at an accelerating rate. There are more associ-
ated species but these are all of a non grazing susceptible 
nature - all low growing and most of them unpalatable as well. 
THE ROSTKOVIA GRACILIS ASSOCIATION 
Rostkovia gracilis swards occur throughout the catchment but 
Plate 36 
Chionochloa crassiuscula dominated grassland, 
strongly modified but sti/l in fair condition. The 
inter-tussock species provide a reasonably good 
ground cover with only a few small areas of bared 
soil. 
(Plot of Table 7.70, Column (c) ) 
photo N. Z. Forest Service G. R. Evans 
Plate 37 
A Chionochloa oreop-hila, sward only slightly modified 
and in good condition. There is a complete cover 
except where rocks protrude through the 2 to 6 inch 
high "canopy" of Ch. oreophila. This photograph 
was taken on December 74th, 7960, just a few days 
after the main winter snow had melted from this 
sward. 
(Plot of Table 7.77, Column (a) ) 
photo N.Z. Forest Service C. J. McKenzie 
Plate 38 
A Chionochloa oreophila sward very strongly 
modified and in poor condition. There;s a broken 
cover with some reasonably large patches of bare 
top-soil ana erosion pavement of small stones on 
subsoil. This sward at 5,700 ft with a growing 
season of 3 to 4 months each year is currently still 
grazed by sheep in late summer. 
(Plot of Table 7.77, Column (b) ) 
photo N.Z. Forest Service G. R. Evans 
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TABLE 7.12 
Chionochloa australis Association 
Specific Frequency and Point Cover 
watershed Condition: 
Trend in Condition: 
Chionochloa australis 
Chionochloa rigida 
Chionochloa pallens 
Chionochloa pallens seedling 
Notodanthonia setifolia 
Poa colensoi 
Deyeuxia forsteri 
Schoenus pauciflorus 
Carex sp. 
Epilobium sp. 
Drapetes dieffenbachii 
Pimelea prostrata 
Aciphylla monroi .. 
Anisotome aromatica 
Oreomyrrhis ramosa 
Gaultheria depressa 
Cyathodes pumila 
Pentachondra pumil~ 
Dracophyllum kirkii 
Coprosma pumilq. 
Celmisia spectabilis 
Celmisialaricif61ia 
Celmisia discolor 
Ra6ulia grandiflora 
Sene'cio'lagopus 
Wahlenbergia albomarginata 
Phyllachn~ clavigera 
Gentiana sp. 
Mazus radicans 
Hebe epacridea 
Lycopodium fastigiatum 
Moss spp. 
Point Cover 
Vegetation 
Litter 
Bare top-soil 
Erosion pavement 
Rock 
(a) 
Strongly 
Modified 
Good 
Down 
75 
12 
14 
19 
5 
4 
15 
11 
"6 
14 
12 
2 
4 
24 
15 
83 
5 
2 
9 
1 
100 
(b) 
Very Strongly 
Modified 
Poor 
Down 
73 
7 
1 
5 
23 
1 
3 
1 
1 
3 
3 
2 
9 
12 
29 
3 
16 
16 
'15 
·1 
2 
4 
1 
1 
2 
2 
1 
58 
5 
22 
15 
100 
TABLE 7 .. 13 
Rostkovia gracilis Association 
Specific FrE7quencY'and Point Cover 
Strongly Modified 
w~tershed Condition: 
~rend i~ Condition~ 
Rostkovia gracilis 
Luzula colensoi 
Chionoch1oa oreophila 
Poa colensoi 
Deyeuxia forsteri 
Carex sp .. 
Epilobium sp. 
Anisotome imbricata 
Anisotome aromatica 
Hydrocotyle novae zelandiae var. montana 
Aciphylla monroi 
Coprosma pumila 
Gentiana sp.~ 
Myosotis pulvinaris 
Celmisia haastii 
Celmisia viscosa 
Ce1misia haastii seedling 
Cotula squalida 
Senecio scorzoneroides 
Euphrasia monroi 
Ourisia caespitosa 
Ourisia microcarpa 
Hebe gilliesiana 
Point Cover 
vegetation 
Erosion Pavement 
Rock 
Fair 
Down 
75 
1 
19 
47 
1 
10 
1 
2 
41 
7 
1 
63 
7 
1 
19 
38 
1 
3 
38 
20 
17 
1 
1 
76 
12 
12 
100 
25.'3· 
Plate 39 
A Chionochloa oreop-hila sward very strongly modified and in poor condition. As 
with the example in Plate 38 there is a broken canopy but instead of the more 
recently exposed topsoil in the bare. patches, this example shows an older stage in 
the bared areas, namely a well developed erosion pavement of small stones on top 
of the remnants of subsoil. 
photo N. Z. Forest Service M. J. Wraight 
Plate 40 
Chionochloa australis dominated grassland strongly modified but in good condition 
still. Apart from the animal track running across the centre of the photograph this 
sward is in good condition with a good dense cover provided by the 4 to 6 inch 
thick "carpet" of Ch. australis. The associated species are mainly concealed 
within the carpet. The rest of this sward (of around one acre in extent) is in 
uniformly similar condition, to the portion in the foreground of this photograph. 
(Plot of Table 7.12, Column (a) ) 
photo N.Z. Forest Service M. J. Wraight 
since they are confined to steep high altitude seepages they are 
nowhere of large extent per sward. (One to two chains long by 
around half a chain wide would be a common size for a Rostkovia 
sward. ) 
The example given in Table 7.13 is mid-way, between the 
extremes of the slightly to the very strongly modified swards 
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and between the ranges of good to poor watershed condition. The 
sward provides quite a good cover but with a small amount of 
erosion pavement exposed within it. The dominant., RC?stkovia 
gracilis, is present at a fairly high specific frequency with 
a range of associated species growing amongst the dense cover 
afforded by the dominant rush Rostkovia. These associated species 
are fairly well protected by the Rostkovia so that the rather large 
amount of moderately susceptible to grazing Senecio scorzoneroides 
cannot be used as evidence of a sward little affected by grazing. 
The soil associated with Rostkovia swards tends to be peaty 
in nature so that even though the dominant is not grazed, swards 
can be damaged following heavy trampling. And damage to Rost-:-
kovia swards, small in area as the individual swards are, can be 
quite serious in that Rostkovia swards occur up under bluff sys-
at the heads of the high basins with often large areas of vulner-
able alpine grassland beneath them. 
THE FESTUCA MATTHEWSII, F@ NOVAE-ZELANDIAE AND POA CAESPITOSA 
~SSOCIATIONS 
Swards of these associations have almost all arisen following 
burning of forest. (Exceptions, above 3,000 ft, may be found 
on steep slopes kept clear of forest by avalanche and in sqme of 
the creel< bed associations) . Above 3,000 ft. most of this burning 
of forest has been recent, i.e. within European settlement times 
although some burning of forest which has been succeeded by 
Festuca matthews,ii, F. novae-zelandiae or Poa caespitosa swards 
would have been of Polynesian occupation origin. (See Molloy et 
al., 1963). Some swards have had only light domestic stock graz-
ing but many have had heavy and continuous sheep grazing. All 
have had some deer! chamois and hare grazing· - again to different 
levels. 
As they are derived from the burning of forest, all these 
swards must be considered very strongly modified. Most of them 
provide a very poor cover for watershed protection in comparison 
with the forest that they have succeeded, and most show further 
downward trend in condition. A very few, where sheep grazing 
has been minimal and where deer and chamois populations have been 
re,c~ntly dra,stica1ly lowered show a substantial upwards trend. 
The examples that are presented of these swards (Table 7.14 
and PlatES 41 and 42) show examples of a Festuca matthewsii sward, 
a F. novae-zelandiae sward and a Poa caespitosa/F. novae-zelandiae 
sward all showing downward trend and one example of a F. matthewsii 
showing an upwards trend. Out of 22 plots established in swards 
with F. matthewsi! or F. novae-zelandiae as dominants or co-
dominants only 2 show an upwards trend; all the rest are defin-
itely down trending. 
In the sward shown in column (a) of Table 7.14 (Plate 41) a 
256 TABLE 7.14 
Festuca novae-ze1andiae, Festuca matthewsii 
Poa caespitosa Associations 
Specific Frequency and Point Cover 
(a) (b) (c) (d) 
Very Strongly Very Strongly Very Strongly Very Strongly 
Modified Modified Modified Modified 
Watershed Condition: 
Trend in Condition: 
Fair 
Up 
Poor 
Down 
Poor 
Down 
F.matthewsii F.matthewsii F.novae-
dominated dominated ze1andiae 
Festuca matthewsii 
Festuca matthewsii seedlings 
Festuca novae-zelandiae 
Festuca novae-zelandiae seedlings 
Festuca rubra 
Festuca rubra seedling 
Poa caespitosa 
Poa caespitosa seedling 
Poa colensoi 
Notodanthonia setifolia 
Notodanthonia setifolia seedlings 
Notodanthonia unarede 
Chionochloa rigida 
Chionochloa rigida seedlings 
Chionochloa pallens 
Chionochloa flavescens 
Erythranthera (Triod~a) australis 
Agropyron scabrum 
Deyeuxia forsteri 
Agrostis subulata 
Dichelachne crinita 
Anthoxanthum odoratum 
Hierochloe redolens 
Trisetum antarcticum 
Holcus lanatus 
Luzula campestris 
Pterostylis banksii 
Geranium microphyllum 
Epilobium spp. 
Cerastium vulgatum 
Viola cunninghamii 
Rumex acetosella 
Trifolium repens 
Trifolium dubium 
Linum catharticum 
Pimelea prostrata 
Gaultheria depressa 
Cyathodes fraseri 
Acaena anserinifolia 
Acaena caesiiglauca 
Aciphylla squarrosa 
Aciphylla monroi 
Anisotome aromatica 
Celmisia lyallii 
Celmisia spectabilis 
Raoulia subsericea 
Helichrysum bellidioides 
Senecio lautus 
Cotula sp. 
Hypochoeris radicata 
Hypochoeris radicata seedlings 
crepis capillaris 
Wahlenbergia albomarginata 
Wahlenbergia albomarginata seedlings 
Parahebe bidwillii 
pratia angulata 
Blechnum penna-marina 
pteridum aquilinum var. esculentum 
Moss 
Point Cover 
Vegetation 
Litter 
Bare top-soil 
Erosion pavement 
Shingle (rock as part of running 
shingle) 
Rock 
46 
13 
34 
28 
28 
5 
1 
-7 
5 
4 
5 
44 
1 
1 
3 
22 
4 
38 
2 
13 
2 
5 
Nil 
54 
18 
19 
6 
3 
34 
3 
5 
1 
1 
3 
1 
7 
1 
1 
1 
4 
4 
3 
1 
1 
1 
2 
9 
13 
2 
7 
8 
2 
1 
21 
1 
1 
17 
1 
32 
2 
6 
5 
Nil 
33 
3 
16 
30 
2 
16 
dominated 
37 
1 
1 
8 
7 
5 
9 
55 
1 
14 
10 
7 
12 
2 
1 
2 
34 
21 
6 
3 
32 
45 
2 
1 
26 
1 
14 
Nil 
41 
10 
15 
4 
29 
Poor 
Down 
p.caespitosa 
F.novae-
ze1andiae 
dominated 
14 
12 
1 
17 
1 
1 
1 
2 
13 
1 
1 
1 
1 
12 
5 
19 
3 
8 
5 
2 
1 
3 
1 
2 
5 
1 
l' 
36 
1 
2 
27 
2 
Nil 
24 
3 
10 
51 
7 
5 
Plate 41 
A Festuca matthewsii dominated sward in fair condition but showing an upwards 
trend. Note the reasonable amount of cover provided by F. matthewsii and 
Notodanthonia setifolia and especially the conspicuously large amount of 
AciRhylla sguarrosa. (Plot of Table 7.14, Column (a) ) 
Plate 42 
photo N. Z. Forest Service A. H. Nordmeyer 
A Festuca matthewsii sward in poor 
condition with trend downwards. 
Note here the large amounts of 
erosion pavement with stones from 
it overwhelming the F. matthews;; 
tussocks from above. 
(Plot of Table 7.14, Column (b) ) 
photo N.Z. Forest Service 
G. T. Bradfield 
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Festuca matthewsii sward showing fair watershed condition and an 
upwards trend there isa r.easonablecoverproduced by vegetation 
and litter. There isa good representatio'n of the "increaser" 
and ,"invader" species associated Wi:t,!),burning and grazing such 
as Notodanthonia setifolia, Raoulia subseri'cea and Hypochaeris 
radicata but there are also large amounts of the more grazing 
susceptible species particularly Aciphylla sguarrosa and to a 
lesser extent perhaps Agropyron scabrum. 
contrasted with this sward are the other three (columns b, 
c and d of Table 7.14) all classified as in poor watershed con-
dition and showing very definite downwards trend. Cover by 
vegetation and litter are not high and as can be seen from Plate 
42 erosion pavement of stones on bare subsoil and moving shingle 
are all too apparent. The associated species are mostly of the 
unpalatable ',or low growing types and even' Poa . colensoi which in 
the alpine grasslands anyway is considered an "increaser" species 
is present in only very small amounts. These three examples 
typify the condition and trend of by far the greater number of 
Festuca swards above 3,000 feet in the Waimakariri catchment. 
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APPENDIX '7.4 
Modification by Grazing, Condition and Trend of 
Plots Establishea in the Sub-Catchment Areas 
Dominants and Numbers of Plots Established in Each Area 
Modification Watershed Trend in 
by grazing Condition Condition 
PUKETERAKI RANGE 
(SOUTHERN END) 
(a) Upper Montane 
Fes mat * 
Fes mat/Poa caes Unmodified Excellent 
Fes mat/Noto set Slight Good Up 
Fes mat/Chi flav Strong Fair 2 Stationary 
'Fes mat/Chi flav/ 
Chi rig 1 Very Strong 5 Poor 3 Down, 
-5 5 5 
(b) Alpine 
Chi flav l~l Unmodified Excellent Chi rig Slight Good Up Strong Fair 2 Stationary 
Very Strong 15 Poor 13 Down 
-
15 15 15 
PUKETERAKI RANGE 
(NORTHERN END) 
(a) UEEer Montane Unmodified Excellent 
Fes mat/Poa caes 
H 
Slight Good Up 
Fes n.z. Strong Fair 1 Stationary 
Noto set Very Strong 3 Poor 2 ' Down 
-
3 3 3 
(b) Alpine 
Chi flav 2 
Chi flav/Chi rig 1 Unmodified Excellent 
Chi rig 13 Slight Good 2 Up 
Chi rig/Noto set 1 St!rong 5 Fair 8 Stationary 
Chi rig/Chi aust 1 Very Strong 15 Poor 10 Down 
Chi crass 1 
Cel viscosa 1 
20 20 20 
* The abbreviations used in this appendix are explained 
on page 264. 
3 
2 
5 
1 
14 
15 
2 
1 
3 
2 
5 
13 
20 
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ANT AND NI,GGER STREAMS BLOCK 
(a) Upper Montane 
Fes n.z./Noto set 1} 
Noto set/Drac uni/ very Strong 2, Poor 
Sen cass 1 
2 2. 
(b) Alpine 
Chi rig 
11 
Chi rig/Noto set Unmodified Excellent 
Chi aust Slight, 'Good 
Chi oreoph strong " 3 Fair 
Rostkovia grac Very Stro,ng 6 Poor 
9 9 
MT. WHITE, PEVERIL., PK., MT. BINSER BLOCK 
(a) UPEer Montane 
Fes mat ~J Fair Fes mat/Chi rig Very Strong ~ Poor 
5 5 
(b) Alpine 
Chi flav 2 
Chi flav/Chi rig l' 
Chi pal 2 
Chi pal/Chi rig 
Noto set 
if 
Unmodified Excellent 
Chi pal/Chi cras Slight Good 
Chi rig Strong 2 Fair 
Chi rig/Noto set Very Strong 19 Poor 
Chi rig/Cel vi$/ 
o:d specAlll, lya~l 1 
Chi cras *1 
cel lyallii 
-1. 
(*Camp Stm) 21 21 
COX R. BULL CK. BLOCK 
Poa col/Noto set 
(5,000' ) 1, 
Chi pal/Chi aust 11 Unmodified Excellent 
Chi pal/Chi oreq;h 1 Slight 1 Good 
Chi pal/Chi ore/ 
chi. cras/Chi aust/ 
Poa\col ;1 Strong 3 Fair Chi aust Very Strong 5 Poor 
Chi oreoph 2 
Poa col (5,000') 1 
9 9 
2 Down 2 
2 2 
1 Up 
4 Stationary ,1 
4 Down 8 
-9 9 
Up 
1 Stationary 1 
4 Down 4 
-5 5 
*1 Up 
5 Stationary 7 
15 Down 14 
21 21 
2 Up 
4 Stationary 6 
3 Down 3 
9 9 
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UPPER POULTER BLOCK 
. 
Fes mat (ex Chi 
pal/Chi aust) 1 ver Strong 1 Poor 1 Down· 1 
Chi flav/Chi pal 1 
Chi pal 5 Unmodified Excellent 
Chi pal/Chi aust 1 Slight 3 GOod 9 Up 1 
Chi pal/Chi eras 3 Strong 10 Fair 5 Stationary 13 
Chi pal/Chi eras/. 
Chi oreoph 1 Very Strong 1 Poor Down· 
Chi eras/Chi areqhl 
Chi oreoph 2 
14 14 14 14 
BEALEY, MINGHA, EDWARDS, HAWDON BLOCK 
Noto set (5,200 I) 
(ex Chi eraq(h .ore 1 
Chi flav/Chi pal 1· 
Chi pal 17 Unmodified - Excellent 2 
Chi pal/Chi eras 9 ,,>1 '>l~ Chi eras 2 Slight 13 GOod Up 3 
Chi eraS/Chi o:reoph 2 >3 >3 Chi eras/Ch ore/ 
Ros grac 1 Strong 20 Fair 18 Stationary 27 
Chi oreoph 6 
Ros grac 2 Very Strong 5 Poor 5 Down 12 
Drac pro/Po coli 
Cop pum/Co chees 1 
42 42 42 42 
UPPER WAlMAKARIRI AND CROW BLOCK 
Chi flav /Chi pa;l Unmodified Excellent 
Ghi pal Slight 1 Good 1 Up 
Chi pal/Chi eras Strong 3 Fair 7 Stationary 7 
Chi oreoph Very Strong· 5 Poor 1 Down 2 
Chi ore/Poa coli 
Noto set 1 
9 9 9 9 
BLACK AND CRAIGIEBURN RANGES 
I (a) UEEer Montane Up 1 
Fes n.z. ~ .Fair 1 Stationary 2 Fes mat Very Strong 3 Poor 2 Down 
- -
3 3 3 3 
(b) AlEine 
Chi flav 2 
Chi pal 6 Unmodified Excellent 
Chi pal/Chi rig 1 Slight Good 2· Up 1 
Chi rig 1 Strong 5 Fair 3 Stationary 4 
Chi eras 1 Very Strong 7 Poor 7 Down 7 
Chi oreoph 1 
12 12 12 12 
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TORLESSE/CONSTITUTION BLOCK 
(a) Upper Montane 
(b) 
Fes n.z. 1 
Fes n.z./Poa caes 2~ 
Fes n.z./Ce1 spec 1 
Fes n.z./Anth crlor l' 
Fes mat/Chi f1av 
(3,500' ) 
Alpine 
Chi flav 
Chi rig 
Pod niva1is 
Abbreviations 
Anth odor 
Cel lyal 
Cel spec 
Ce1 viscosa 
Chi aust 
Chi crass 
Chi flav 
Chi oreoph 
Chi pal 
Chi rig 
Cop pum 
Cop chees 
Drac pro 
Drac uni 
Fes mat 
Fes n.z. 
Noto set 
Poa caes 
Poa col 
Pod nivalis 
Rostkovia gr~c 
Sen cass 
1 
6 
D 
9 
Up 
Stationary 
Very Strong 6, Poor 6 Down 
6 6 
very Strong 9 Poor 9 Down 
9 9 
Anthoxanthum odoratum 
Ce1misia 1ya1lii 
Ce1misia spectabi1is 
Ce1misia viscosa 
Chionoch1oa australis 
Chionoch1oa crassiuscu1a 
Chionoch1oa f1avescens 
Chionochloa oreophi1a 
Chionoch1oa pa11ens 
Chionoch1oa rigida 
Coprosma pumi1a 
Cop'rosma chee'semanii 
Dracophyl1um pronum 
Dracophy11um unif10rum 
Festuca mathewsii 
Festuca novae-ze1andiae 
Notodanthonia setifo1ia 
Poa caespitosa 
Poa colensoi 
Podocarpus niva1is 
Rostkovia gracilis 
Senecio cassinioides 
2 
4 
6 
9 
9 
APPENDIX 7.5. 
Botanical Nomenclature used by Wraight in Describing 
the Upper Montane· and Alpine·· Grasslands. 
Botanical names· used' . in ·thrs report are according to zotov 
(1963) for the grass subfamily Arundinoideae, Cheeseman (1925) 
for the remainder of the indigenous MONOCOTYLENDONES, Allan 
(1940) for the introduced species and Allan (1961) for all 
remaining species with the following exceptions: Paa mackayi 
Buch? is used instead of Poa kirkii var. mackayi Hack. ex 
Cheeseman of Cheeseman (1925), and Petriella colensoi (Hook.f.) 
zotov is used for Ehrharta colensoi Hook.f. of Cheeseman (1925). 
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APPENDIX· 8.1 
Summary of Deer & Chamois Kills, 1952-64 
(Official Control Operations only) 
Deer Chamois Man-days Kills per man-day 
1952/53 1073 22 660* 2.61 
1953/54 3555 291 810* 4.75 
1954/55 2031 238 817 2,,78 
1955/56 2690 296 724 4,,12 
1956/57 2516 347 645 4,,44 
1957/58 3279 542 1347 2.84 
1958/59 1757 1701 1769 1 .. 95# 
1959/60 1327 1061 1586 1 .. 51# 
1960/61 2948 1352 1336 3.22 
, 
1961/62 1995 1389 1298 2.61 
1962/63 1475 576 1080 1.90 
1963/64 1361 751 1045 2 .. 02 
1964/65 722 357 769 1.40 
1965/66 593 481 595 1 .. 80 
* Estimated man-days. 
# These years were marked by major changes, largely experiminta1, 
in style of hunting" deployment of hunters, and methods of 
payment. 
APPENDIX 8 .. ,2 
In.troduce.d, and N:ative .. Birds:·fO.und in the Waimakariri 
, Cat,qhrne;n t ~ 
Common 
2~65 
Introduc.ed.Birds 
Lesser redpoll 
Silvereye 
Goldfinch 
Carduelis :Elammea cabaret 
'Zosterops la.teralis 
Carduelks carduelis 
britannica' 
Prunella modularis 
(self introduced) 
common seasonally 
Common at 
Hedge sparrow 
House sparrow 
Chaffinch 
Greenfinch 
Yellowhamroer 
Skylark 
Starling 
Little Owl 
Song thrush 
Blackbird 
Californian quail 
Australian magpie 
Mallard duck 
Pheasant 
Black Swan 
Canada goose 
Native Birds 
Rifleman 
lower levels 
Uncommon 
Passer'domesticus Common around 
- i' '. 
domest'icus homesteads 
Fringillacoelebs gengleri Uncommon 
Chloris chloris Uncommon 
Emberiza citrinella citrinella Uncommon 
Alauda aryensis Common 
. ; 
Sturnus vulgaris vuloaris 
Athene noctua 
Turdus musicus 
Turdus merula 
Lophortyx ca.1ifo,rnica 
Common 
Rare 
Common 
Common 
brunnescens Uncommon 
Gymnorhinahypoleuca Common 
Anas platyrhynchos Uncommon 
Phasianus colchicus Rare 
Cygnus atratus Rare 
Brant
1
a c,anad,e;n_s.is canac:iegsis Common 
Acanthisitta chloris chloris 
Rockwren ,Xenicus gilviventris gilviventris 
Grey warbler 'Ge ' .,. t ' 
. ry,So.ne, .l.ga. a 
Yellow-breasted tit Petroica macrocephala macrocephala 
Brown creeper Finschia novaeseelandiae 
Bush canary Mohoua cohrocephals 
Pied fantail Rhipidura flabellifera flabellifera 
Shining cuckoo Chalcites lucidus lucidus 
South Island robin Miro australis australis 
Bellbird Apthornis melanura melanura 
Pipit Anthus novaeseelandiae novaeseelandiae 
Banded dottrel Charadrius bicinctus bicinctus 
Orange-fronted parrakeet Cyanoramphus malherl:>.i 
Kingfisher Halcyon sanctus vagans 
N.Z. Dottrel Pluvialis obscurus 
Red-fronted-parrakeet 
Black-fronted tern 
N.Z. Dabchick 
Morepork 
Pied stilt 
Red-billed gull 
Black-billed gull 
N.Z. Falcon 
White-fronted tern 
Long-tailed cuckoo 
Black teal 
. Pied oystercatcher 
cyanoramphus novaezelandiae novaezelandiae 
Chlidonias albostriata 
Podiceps rut6p$Gt~s 
Ninox novaeseelandiae novaeseelandiae 
Himantopus leucocephalus 
Larus novaehollandiae novaehollandiae 
Larus bulleri 
Falco novaeseelandiae 
Sterna striata 
Eudynamis taitensis 
Fuligula novaeseelandiae 
Haematopus ostralegus finchi 
, "I 
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Black oystercatcher 
Kea 
Green kaka 
Grey dlJck 
Wood pigeon 
pukekof 
Caspian tern 
Blue Mountain Duck 
Great crested grebe 
Harrier hawk 
South Island weka 
Paradise duck 
Black-backed gull 
white.,.egret (rar.e) 
Large grey kiwi 
Bittern 
Black shag 
Haematopusunicolor unicolor 
Nestor notabilis 
Nestor meridionalis'meridionalis 
Anas sup~rciliosa superciliosa 
Hemipha9a novaeseelandiae 
Porphyrio melanotus stanleyi. 
Hydroprogne caspia 
Hymenolaimusmalacohynchus 
podiceps crist~tus australis 
Circus approximans 
Gallirallus australis australis 
Casarcavariegata 
Larus dominicanus 
Egret t'a '.alba 
Apteryxhaasti 
Botaurus poicilo~tilus 
Phalacrocorax carbo novaehollandiae 
267 
APPENDIX 9.1 
Some historical' aspects of river control 
Dick (1960) noted thcit in: IS-59: two' ~~p6rts;w,er~'presented 
to the cante'rbury Council about the haz'a'rds of 'flooding from the 
Waimakariri. In that year protection works to prevent,tl;l.e, 
Waimakariri overflowing into the Avon were commenced>' However, 
in 1865 and again in 1868 the Waimakariri over~lowedal:1.d joined 
the Avon,. In the latter flood about'four feet of water flowed 
through Fendalton and extended to theCathedral,Square. 
By 1869, £8,619 had been spent on prbte~tive works, and 
while this had provided temporary relief to Christchurch, it 
had increased the likelihood of flooCii.ng on Kaiapol: IS,land and, 
adjacent lands. 
In 1869 the Board of Conservators for the South WaimakCl:riri 
District assumed river control responsibilities from'the Canter-
bury Council, and for the, next 21 years carried out' a commendable 
amount of work on the South side of the rivero 
However, in 1880 the Board of ConServators was replaced by 
the South Waimakariri River Board for administrative reasons. 
For the next 42 years this Board:' maihtained existing protective 
works but ,carried out little new work." ' 
The Waimakariri River"Act of 1922 abolished the South' 
Waimakariri River District o and dissolved the Board., In place 
it established the Waimakariri River Trust which extended onto 
both sides of the river, from the mouth to nearly the gorge 
bridge. In 1925 the Trust approved F~ 'C. Hayu s scheme for 
comprehensive river control, and in 1928 the scheme was'carried' 
at a loan poll. This was one of the most significant steps 
in the history of river control, as in general all subsequent 
work has been determined by the pattern established at that timee 
The Trust continued with construction and maintenance work' 
until it merged with the North Canterbury Catchment Boa'rd in 
1946.. For the first time in nearly 100 years, one agency had 
responsibility for the control of the river, from its mountain 
streams, to the sea~ 
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APPENDIX 12.1 
Some Historical Aspects of Agricultural Land Use 
"English matches. Australian merinos. Scottish 
shepherds and sheep dogs and a wealth of courage 
and confidence." Anon. 
INTRODUCTION 
In 1850 settlers wanting land in Canterbury were bound by 
the Land Regulations contained in the Charter of the Canterbury 
Association. The Association, which was opposed to cheap land 
and the squatting system, charged £3 per acre for land within 
the Canterbury block (Banks Peninsula and the plains between the 
Waiparaand Ashburton Rivers) • As a result, sales were slow 
and most of the land remained unoccupied. A drought in 
Australia in 1850 sent many squatters to Canterbury, and rather 
than drive their capital to other provinces, God~ey <Superintendent 
of the Canterbury Province) changed the Land Regulations to 
allow the waste land to be taken up as runs. 
The great scramble for runs began, and by 1860 practically 
all the high country to the main divide had been taken up. 
Application could be made to the Land Board for an area 
of land, and if no prior claim had been entered, the application-
was granted. Within six months the run had to be stocked at 
one sheep to 20 acres or 1 head of cattle to each 120 acres. 
Rentals were fixed at one farthing an acre for the first year, 
one half penny an acre for the next two years, and three farth-
ings an acre for all subsequent years. 
1. TENURE 
The earliest licences did not state a p~riod of lease, 
but allowed a runholder to freehold part or all of the property 
at any time. Pre-emptive rights were also given to freehold 
land adjacent to improvements. This oft!en resulted in run-
holders freeholding strategic areas of their runs, so that the 
remainder of the property was of less value to anyone else. 
In 1880 the Government (which took over the administration 
of the Canterbury rqns after the abolition of Provincial 
Government in 1876) established new rentals and new tenures. 
Runs could now be held for periods of up to 10 years at rentals 
of ninepence to two shillings a sheep, and four to ten shillings 
a head for cattle. Pre-emptive rights were abolished but im-
provements could be removed within three months of a change in 
ownership. 
In 1890 these pasturage licences expired, and they were 
reoffered at public auction for periods of up to 21 years. No 
right of renewal was given with these leases, but if on its ex-
piry the lease was lost, limited compensation for improvements 
was available. Compensation was not to exceed three times 
the average annual rental, and cove~ed buildings and fences, 
but did not include pasture improvement. 
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The 1908 Land Act consolidated former Acts and Amendments 
and included sown pasture as an improvement eligible for com-
pensation, but did not include improvement in the condition 
of the native sward. In addition, a lease could be extended 
for up to seven years if the lessee was in financial trouble 
because of severe winter losses. 
In· 1910 an Amendment to the Act allowed balloting at a 
fixed rental as an alternative to the auction system of lease 
renewal. 
The 1913 Amendment gave lessees a conditional right of 
renewal", If, on the 'expiry of the lease the Land Settlement 
Board decided to subdivide the run, the lessee had the right 
to select one of the subdivisions", If the' Board decided to 
re-lease the run as a whole, the lessee had the right of 
renewal at a rental fixed by arbitration~ 
In 1920, a Commission on Southern Pastora1" Lands.made a 
comprehensive assessment of the problems of the high country 
runholderse As a result H the 1921 Amendment increased the term 
of the lease from 21 to 35 years and abolished the auction sys-
tem of lease renewal. Lessees were required to effect improve-
ments withing-
fore~ 
one year equal to one yearns rental 
two years equal to two yearns rerital 
six years equal to four year&s rental 
In 1948 the tenure position in the high country was there-
10 A term not exceeding 35 years but with provision for a 
seven year extension if severe winters caused financial 
di.fficulties. 
2G A requirement to effect improvements at a rate dependent 
on the rental", 
3. A conditional right of renewal~ 
4~ If part or all of the lease was lost compensation up to 
three times the average annual rental wasavailable~ 
5. In addition, burning and cultivation were only allowed ·by 
the consent of the Land Settlement Board. The control of 
noxious weeds and rabbits.was the lessee B s responsibility. 
For a runholder, the future was somewhat uncertain~ If 
improvements were carried out as required under the Act, there 
was a strong probability that the property would later be sub-
divided. compensation was limited and there was no guarantee 
tha t this would be adequate. Improvement in the c'ondi tion of 
the native sward was not eligible for compensation, so there 
was little to be gained from spelling country to improve the 
native vegetation .. 
The 1948 Land Act replaced all previous Acts and Amendments 
and introduced two new forms of tenure. 
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l~ A Pastoral Lease for a tenure of 33 years with perpetual 
rights of renewal~ but no right to freehold. 
2.. A Pastoral Occupation Licence for a term of up to 21 years 
with right of renewal and no right to freehold $ 
The decision as to which category each run was to be 
leased under was left to the Land Settlement Board. The majority 
of high country properties were granted Pastoral Leases. A 
few critical areas, and areas suited for Crown subdivisions were 
granted Pastoral Occupation Licences, as it was thought undesir-
able to alienate this land for all time .. 
2$ SYSTEM OF FARMING 
In ,the 1850! s the country the earliest settlers saw, was 
very different to anything they had seen either in England or 
Australia .. 
Butler (l~6l) recorded: 
liThe grass is coarse and cold-looking - great tufts of 
what is called ;snow-grass, and spaniard.. The first of these 
,grows in a clump sometimes five or six feet in diameter and 
four or five feet high: sheep and cattle pick at it when 
they are hungry, but seldom touch it while they can get, anything 
elsee~o Spaniard, which I have mentioned before, is simply 
detestable 0 0$0 it grows to about the size of a mole-hill, 
allover the back country eveywhere i as thick as mole-hills 
in a very mole-hilly paddock at home!l o 
Butler goes on~ to note "You will have burnt a large patch 
of feed on the outset (of taking Up ,your run) $ Burn it in 
early spring, on a day when rain appears to be at hand~ It 
is dangerous to burn too much at once~ ,a large fire, may ruh 
farther than you wish@ and, being no respecter of imaginary 
boundaries, will cross on to your neighbourOs run without 
compunction, ~nd with regard to his sheep~ and then heavy damages 
will be brought against you.. Burn, however, you must; so 
do it care£ully~ Light one strip firstlY and keep putting it 
out by beating it with leafy branches® This will form a fire-
proof boundary between you and 'your neighbourG 
IIBurnt feed means contented and well-conditioned sheep~ 
The delicately green juicy grass which springs up after 
burning is far better for sheep than the rank and dry growth 
of summer after it has been withered by the winter's frosts~ 
Your sheep will not ramble, for if they have plenty of ' burnt 
pasture they are contented where they are@ They feed in the 
morning, bunch themselves together in clusters during the heat 
of the day, and feed again at night .. 
IIMoreover, on burnt pasture, no fire can come down upon 
you from your neighbour so as to hurt your sheep 0 
"The day will come when you will have no more occasion for 
burning, when your run will be fully stocked, and the sheep 
will keep your feed so closely cropped that it will do without 
it.. It is certainly a mortification to see volumes of smoke 
rising into the air, and to know that all that smoke might 
have been wool, and might have been sold by you for 2s~ a pound 
in England~ You will think it great waste, and regret that 
you have not more sheep to eat it~ However, that will come 
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to pass in timeD and meanwhile, if you have not mouths enough 
upon your run to make wool of it, you must burn it off and make 
smoke of it instead~ There is sure to be a good deal of rough 
scrub and brushwood on the run, which is better destroyed, and 
which sheep would not touch; therefore I for the ultimate value 
of your run, it is as well or better that it should be fired than 
fed off~ .. ~ 
IIShortly afterwards we were again en route for the station 
from which we had started $ We burnt the flats as we rode down i 
and made a smoke which was noticed between fifty and sixty miles 
off" I have seen no grander sight than the fire upon a 
country which had never before been burnt, and on which there is 
a large quantity of Irishman. The sun soon loses all brightness 
and looks as though seen through smoked glass~ The volumes of 
smoke are something that must be seen to be appreciated~ The 
flames roar, and the grass crackles, and every now and then a 
glorious lurid flare marks the ignition of an Irishman; his 
dry thorns blaze fiercely for a minute or so~ and then the fire 
leaves him, charred and blackened for evers A year or two 
hence, a stiff norD-wester will blow him over, and he will lie 
there and rot, and fatten the surrounding grass! often, however, 
he shoots out again from the roots, and then he is a considerable 
nuisance~ On the plains Irishman is but a small shrub 8 that 
hardly rises higher than the tussocks; it is only in the back 
country that it attains any considerable size; there its trunk 
is often as thick as a manDs body"iI 
Burdon (1938) recorced that" In those days the vegetation that 
covered the eastern portion of the hills was much more varied 
than it is todayoo~ Flax, toe-toe and snow tussocks of 
immense size covered the slopes@ Under their shelter the 
sharp-pointed Spaniard or spear grass lay in ambush" while 
slippery fern" lawyer bushes and matagouri filled the spaces 
untenanted by other plants~ Cabbage trees also grew thickly 
before they were thinned out by fire~®~ 
"But as such vegetation contained little feed for sheep~ 
Tripp and Acland decided to burn extensively Con Mto Peel Statio~ 
in the hope that finer grasses might grow out of the ashes of the 
ranker plants~ That night lines upon lines of flame went roar-
ing up the slopes and crackling down into the gullies" and many 
an unwary pig must have been roasted alive~ Anyone who has 
seen a hill fire burning through rank flax and snowgrass can 
imagine what that fire must have been like" feeding" as it was, 
not only upon the living plants but also upon the dead and wither-
ed fronds that had accumulated for years around them 0 According 
to Tripp" the finest print could be read a mile off by the light 
of it; and when, seven years later" in England" he went to see 
the illuminations at the time of the marriage of the Prince of 
Wales,/he found them dim and pale compared with the first fire 
on Mt. Peel$1I 
With the country burnt@ and Hfit" for sheep, the graziers 
brought in their flocks& The problems of runholding in those 
days were very great $ without roads or bridges access was 
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slow and difficult~ Swimming stock across the major Canterbury 
rivers was a formidable task, fraught with danger~ Death through 
drowning was so common th~t a move was made to have it recorded 
as death due to natural causes. 
without fences, or other facilities, the labour require-
ments were high, but the predominantly Scottish managers and 
shepherds adapted themselves willingly and capably to the 
problems of flock management in a new environment.. Their 
influence was very .. great and their methods have survived them" 
The system of run management that was introduced in the 
1850 8 s has remained substantially unchangede The principles 
that Butler and others made concerning run management in the 
18500s could have applied equally well to the 19500s~ 
3. FLOCK NUMBERS 
The variation in flock numbers on six properties in the 
catchment is illustrated in Fig l2~2" These properties run 
about half the sheep in the catchroento 
Numbers rose to an all time height in 1895, rose again to 
a second peak in 1910 and a third peak in the 1930°6<> 
. These' fluctuations can be partially explained by~ 
(a) the changes in ownership 
(b) weather conditions 
(c) prices for store sheep and wool. 
In the early 1850°6 thous~nds of Australian sheep were 
brought into canterbury.. Until the mid 1860°$ store sheep were 
in keen demand, but as flocks grew, the demand for additional 
stock fell off. In 1864 good store sheep were worth £1~10~0 
but ten years later they were worth only a few shillingso Old 
stock were therefore retained on the property 0 The practice 
of boiling stock down for tallow and the advent of freezing in 
).880 for the English market, only partially relieved the 
surplus stock position. 
In 1895 sheep numbers on these properties reached an all 
. time high of 92,500" In that year, a hea.vy fall of snow caused 
heavy flock losses and cut lambing percentages down to. 15-20%0 
As a result, total sheep numbers declined for the ·next five 
yearse In 1903 when numbers appeared to be on the increase, 
another heavy fall of snow again caused SUbstantial losses and 
·.a further depression in num'ber$' resulted", In a period of 
falling numbers and extremely low wool prices all properties 
in the catchment changed hands between 1900 and 1910 (ha~f of 
. the properties were sold twice) '" 
The increase in numbers in 1906 was partly due to a good 
lambing, and the· new owners, who were eager to obtain the 
benefits .. of the improved wool prices g tried to maintain the 
higher flock numberse However, a series of difficult seasons, 
involving drought, snow and a latesprinq depressed numbers to 
the 1920 level" 
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Falling prices and falling numbers again produced many 
changes of ownershipe However@ with new owners and improved 
wool prices in the 1920 Ds flock numbers climbed erractically to 
a third peak in 1930" For ten years~ numbers remained relative-
ly steady but the snow of 1939 caused a decline in numbers 
during World War II~ Since the late 1940~s flock numbers 
have remained within 10% of the average number~ 
The new owners of the 1930~s are in general the owners 
of today and these men, by experience,have found the level of 
stocking which they consider the country is capable of carryingo 
40 ~RODUCTION AND PROFITAB_ILITY 
To the Australian squatters of 1850 0 one of the attractive 
features of farming in Canterbury was that each sheep could 
produce four pounds of wool compared to two and a half pounds 
in Australiao Tripp stated o that on taking over his run the 
wool weights were about three and a half pounds per sheep but 
after fencing he doubled his weights~ and could carry twice 
the number of sheep~ 
At the 1895 peak of flock numbers", fleece weights are not 
knoWllo but could have been half to two thirds of the present 
day weightso Lambing percentages for the first 60 years were 
low by present standards with 45~55% of all ewes lambingo being 
a fair averageo 
The historical profitability of runholding within the 
catchment, is uncertain but the indications are that apart from 
the earliest and recent years few properties have been really 
profitable 0 
In 115 years of European occupation of the catchment 0 it 
is only during the last 15 years that the runholders have had 
the- combination of securityo finance and technology to improve 
their properties~ 
until 1948 the runholder had no assurance that his lease 
would ble renewed upon expiry 0 This situation dissuaded most 
I 
from reinvesting in t,hei:r properties 0 
Even if a runholder wanted to irnprove~ his profit margins 
were so low for most of this period that there were insufficient 
funds available 0 In the early 1950°5 higher prices for wool 
and surplus stock gave runholders the finance they needed for 
improvement", Technical adva.nces such as aerial topdressingo 
the inocula.tion of clover seed and an improved understanding of 
trace e,lenlent deficiencies provided the methods they required 0 
The provisions of the 1948 Land Act provided the incentive 0 
For the first time in 100 years there existed the conditions 
and opportunity to improve 0 
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APPENDIX 12<02 
Forms of Land Tenure 
10 Pastoral Lease 
Land held under Pastoral lease had a 33 year term with right 
of renewal g but no right to freehold~ In this catchment rents 
are based on carrying capacity and are usually set at a low 
figure~ This is to encourage tenants to reinvest their sur-
plus income on improvements to their properties~ They have 
no direct relation to the Government Valuation0 
The Land Settlement Board reserves the right to restrict 
the carrying capacity where this is necessary to protect the 
land. This restriction is usually on a whole run basis& but 
may refer to particular blocks for particular periods~ 
The lease gives the right to pasturage onlye Cash crop-
ping is not allowed~ but cultivation is possible by agreemento 
Good husbandry is required $ Tenants are encouraged to improve 
their properties~ and stock increases (without additional rental) 
may be applied for when extra feed is produced 0 Noxious weeds 
must be removede In the event of sale i the incoming lessee must 
be approved by the Land Settlement Board0 
20 Pastoral Occupation Licence 
A Pastoral Occupation Licence is usually held over the 
very poorest land e or where future boundary adjustments are 
likelyo Tenure, is up to 21 years with no right of renewal 
or to freeholde The lease is often temporary as it is designed 
to allow the Crown time to either assess the carrying capacityo 
if anylY to convert it to another lease~ or to redistribute ito 
The rental is based on the restricted carrying capacityo 
3G Pastoral Run Licence 
A Pastoral Run Licence is held for any term up to 35 yearse 
Under the 1948 Land Act the lessee can be granted a Pastoral 
Lease or a Pastoral Occupation Licence on expiry of the term~ 
The rental is fixed at a percentage of the capital value 0 The 
licence has no specific right of renewal, no right to freehold 
and no stock limitation~ Permission is required to cultivate 0 
grow winter feed or grass downe 
There is only one Pastoral Run Licence in the catchment 0 
4~ Miscellaneous Licence 
This licence is given over small areas of land, often 
reserves~ on which temporary grazing is allowede The term is 
for up to five years with no right of renewal or freehold 0 The 
licence may be cancelled at one month ° s notice, but compensat,ion 
is available for improvements 0 
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5<> Forest Lease 
Pastoral land within a State Forest may be leased for 
grazing~The term is for one or five years, with no right 
of renewal~ However, a lease may be renewed by the lessee 
for up to 33 years before readvertisementa The lease can be 
'changed or cancelled by either party giving one month1s notice. 
A stock limitation may be set for the area or in conjunction 
with any adjacent Crown Lease. Improvements may be removed 
by the lessee or purchased by the Forest Service~ Rental is 
usually a percentage of the Capital Value~ 
6. Railway Reserve 
A few small areas adjacent to the railway are leased for 
grazing by the Railways Departmento The lease is usually fo~ 
one year, with no right' of renewal, no compensation for impro\,e-
ments and no stock limitation~ 
7~ Crown Reserves and Domains 
These includeg gravel reserves, school sites~ township 
sites, scenic reserve (at Kowai Bush), memorial site (at Kowai 
Bus~ and a reserve for the preservation of flor.a(Castle Hill) e 
8. Canterbury University Endowment 
The University is endowed with 64,037 acres of land within 
the catchment. The land is leased for pasturage, a~d adminis-
'tered by an Inspector of Reserves, who is responsible to the 
University Councilo Three leases are held on 21 year terms 
with no right of renewal 0 It is possible that as the leases 
fall due, they could be renewed for a 33 year period again 
without right of renewal~ There is no stock limitation, b~t 
the lessee "will not at any time during the term ca'rr.y more 
: I.,,' 
stock than the University or its Inspector shall consider the' 
land will reasonably carry ~ 81 Tenants are encouraged to improve 
their properties and maintenance of improvements is required. 
Noxious weeds must be removed" Permission must be obtained to 
cultivate or erect improvements. If a lease changes hands, the 
University receives and transfers it on behalf of the outgoing 
lessee" I The University must approve of the incoming lessee1s 
financial and physical ability to farm and the price paid for 
the improvements. 
Rentals are based on the previous rental and adjusted 
according to new economic conditions, flock humbers and valuation" 
9. ArthurOs Pass National Park Board Leases 
The Park Board leases two areas of land to one tenant~ 
One lease is for 21 years and the other is an annual one because 
the future· status of the area is uncertain. Neither area has 
the right of renewal. Stock limitations on both areas are 
based on the annual production of dry matter from th~ native 
pasture. Rentals are based on carrying capacity. Improvements 
~re by agreement. 
\ 
\ 
lO~ Local Body Leases 
10 The Selwyn Plantation Board leases 107 acres for 
grazing in the Kowai catchment~ 
2. Tawera County leases 15 acres for grazing. 
3G Oxford County leases 1,580 acres. 
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APPENDIX 12.3 
Assessment of a safe carrying capacity on Pastoral Leases 
and Pastoral occupation Licences 
by Ro W'" Wilson, 
Chief Pastoral Lands Officer 8 
Christchurch~ 
In assessing stock limitations there are many factors 
taken into account but the most important is the carrying capa-
city of the natural cover over the property for the year 0 
As a good stud master can judge stock and at a glance say 
if an animal is true to its breed or not~ or if it is doing 
well~ so a good Pastoral Lands Officer can tell by looking at 
a block if it is in good heart" or noto The bright clean look 
of strong growing healthy silver or fescue tussock stands out 
as compared with hillsides depleted by over burning, over 
grazing or rabbits" They look dead. The aim is to set the 
limit so that the cover will be maintained in health and vigouro 
During inspection condition of cover is observed and this is 
analysed in various ways@ viz~ 
~a) Composition of sward - quantity of desirable species 0 
(b) Presence of indicator plants~ e.,g" Blue Wheat grass 
~Agropyron scabrum) is generally regarded as indicative 
of a regenerating swardm cotton plant (Celrnisia spectabilis) 
can indicate over burning" 
(c) Signs of opening up e"g" shingle slides starting, gullying8 
pedestalling of tussocks, yellow clay slips", 
(d) Quantity of roughage observed in gullies and dark aspects, 
last years seed headsa 
The correct balance of winter and summer country for each 
run has been the aim of this Department over the years. Where 
a good balange is possible and there is sufficient ewe country 
and a safe sunny hogget block a'tailable then a maximum limita-
tion is possible" If there is too little of either winter or 
summer country then the whole limitation is reduced,to what can 
be carried on either the restricted summer or winter grazing 
lands~ Usually it is the winter country which is short but 
often there is other land adjoining - freehold or other lease-
hold - which, is held by the same occupier which makes up the 
deficiencyo In these cases it is sometimes possible to 
negotiate an "over all!! limitation with the owner/7 therby 
giving a better land utilization .. 
It is advisable for the Pastoral Lands Officer to make two 
or more inspections, preferably with the occupier, of a pro-
perty so that a true picture of winter and summer conditions is 
obtained. 
Land Capability Surveys are taken into account and such 
publications as !!Criteria for Determining Status and "Trend of 
High Country Grazing Lands in the South Island of New Zealand il 
by Riney and Dunbar 1956 issued through the Soil Conservation 
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and Rivers Control Council are referred to where necessary~ 
After these inspections the appraisal is completed, taking 
into account~ 
l~ History of property covering management! production! part 
subdivision and amalgamation., 
2~ The general average carrying capacity of the locality and 
the individual property 0 
30 The breed of sheep run, their condition, wool weight@ pro-
portion of ewes to dry sheep carried, lambing percentage and 
death rate 0 
40 The number of cattle run with the sheep and is a better 
utilisation of the land possible with their usee 1 cattle 
beast to 10 sheep is the average where the rainfall is good, 
(36" +) and about 1 to 20 in low rainfall country (30" and less)"o 
5* The contribution to the carrying capacity from (a) other 
land (b) improved pasture~ and supplementary feed, either grown 
or bought0 
60 Severity and duration of the winter which will affect the 
length of growing period~ 
7," (a) Soil type and its depth and quality $ 
{b) Aspect'" 
(c) Rainfall 0 
Cd) Altitude", 
(e) Contour", 
( f) water supply and its sufficiency" 
( g) Shelter" 
(h) Reversion rate" 
( i) Erosion., 
(j) Pests", 
8~ Where pests are bad a permanent tenure is not given 0 A 
Pastoral Occupation Licence is often granted until the place is 
cleaned up and a true indication of its carrying capacity can 
be arrived at~ 
In conclusion it is stressed that the adoption of the 
above technique is only possible with considerable experience 
and a thorough knowledge of the area and stocke 
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APPENDIX 12,,4 
Determination of catchment production and profitability 
Four runs and three farms had farm land which is outside 
the catchment * The productivity and profitability of the land 
within the Waimakariri catchment are determined by the ratiog 
Unimproved value of land within catchment 
)Unimproved value of the property. 
APPENDIX 12,,5 
Assessment of Costs of Production 
To provide a measure of uniformity and comparability of 
the costs of production between properties the balance sheets 
were dissected and represented as followsg 
Wages ~ All wages actually paid~ except wages of 
rnanagement e supervisors ° salaries",or 
contract work" 
Vehicle and Machineryg All vehicle and machinery costs~ less 
rebates 0 
Contract and Cartageg All contract work 0 including shearing!! 
cultivation, etco~ all freight charges actually 
paido 
Repairs and Maintenance~ It is possible that some expenditure 
listed as repairs and maintenance was in fact 
development" However, during the study 
period practically all development expenses 
were exempt taxation", Had development 
expenses been incurred it is assu~ed that 
these would have been identified so that 
taxation relief could be obtained 0 It is 
therefore assumed that Repairs and Mainten-
ance does not include costs which could 
legitimately be called developmento 
Farm purchases ~ Also 'includes miscellaneous operation expenses" 
Sundry overheadsg Includes accounting charges e ·telephone o etc" 
Rent and Interest~ Includes actual payments of interest on 
mortgages", bank overdrafts", etc g but does 
not include the payment of interest on the 
ownerBs equity capitalo 
Depreciation * Depreciation was standardised by taking the 
opening values shown on the 1961/62 balance 
sheets~ and deducting 20% for motorised plant, 
and 10% for other plant annually" No 
special allowances were made for new plant", 
Development; Nine properties identified development 
expendituree Personal communication 
with runholders enabled some minor adjust-
ments to be made between development and 
repairs and maintenance. 
Wages of Management~ Standardised at £800 basic + 1% of the 
value of land and buildings, improvements,. 
plant and stock~ On four properties where 
the owner or lessee operated in a part-time 
capacity, the standardised wage for manage-
ment was adjusted by the proportion of the 
year actually spent on the property~ 
Farm capital: 
APPENDIX 12~6 
Assessment of fa~ capital 
Value of land and buildings 
+ Value of plant 
+ Value of stock 
+ Working capital 
Value of Land and Buildings: An average of the 1960 and 1965 
Government Valuations5 
Value of Plantg Average value, from the depreciation schedule" 
Value of Stock~ stock were revalued at standard values~ 
The value of stock is an average of the 
opening and closing values. 
~ .... 
Working capital: ~ the average costs of production. 
APPENDIX 1257 
Dete~ination of Interest Return on Capital: 
Ao For each property 
Profit ~ gross income less costs (excluding rent, interest 
and development) 
Profit 
Farm capital Interest return on capital = 
B~ For the catchment 
Interest return on capital = 
catchment profit 
catchment total farm capital 
x 
x 
lQ.Q. 
1 
.!QQ. 
1 
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APPENDIX 1501 
Initial Fertility Reguirements 
An indication of the initial fertility requirements of the 
main soil sets can be obtained below~ From Department of 
Agricul ture records I 104: trials were found which covered s,ome 
of the soil sets of the catchment $ Only a few of these trials 
gave recommendations about fertilizer requirements, but from 
the responses recorded L. D~ Bascand (pers<o comm,,) made provisional 
recommendations .. 
Soil No. 
Ashwick 
Kakahu 
Hurunui 
Mesopotamia 
Cass 
Katrine 
Kaikoura 
Tekoa 
Castle 
Kowai 
Tasman 
of trials 
5 
14 
31 
1 
13 
4 
6 
11 
1 
10 
8 
,,' 
Provisional Recommendation 
2 cwt molybdic-sulphur-,super -phosphate 
1-2 cwt mo1ybdic-su1phur-super-phosphate 
1-2 cwt mo1ybdic-sulphur'-super-phosphate 
2 cwt sulphur-super-phosphate 
1-2 cwt molybdic-sulphur-super-phosphate 
1 ton lime and 2 cwt sulphur-super 
phosphate 
2 cwt su1phur-super-phosphate 
2-3 cwt sulphur-super-phosphate 
1 cwt sulphur-super-phosphate 
1 cwt rno1ybdic-sulphur-super-phosphate 
1~-2 cwt molybdic- sd::.rphur-super-phos-
phate~ 10 cwt of lime~ 
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APPENDIX 1601 
The Land Use Capability Classification in theWaimakariri Catchment 
bYG .. Howard and R" C. Prickett, 
Soil'& Water 'Division~ 
MinistrY of Works, Christchurch. 
"The land-capability classification is a, systematic arrange-
ment of different kinds of land according to those properties 
that detennine the ability of the land to produce oi1'a virtually 
permanent basis." (U.S .. D .. A. Agriculture Handbook No .. 61) 
(1) The capability class represents a grouping of 
land inventory units with the same broad degree 
of limitation. 
(2) The subclass is a grouping of units of land' 
which have the same broad kind of limitationf 
There are fourg-
erosion (e) 
wetness (w) 
soil (s) 
climate (c) 
(e) has precertdence over ~;s,c, 
and (w) over s,c, etc .. 
(3) There can be any number of land capability units, 
but these are essentially groupings of land units 
which have similar potentials and'req'Uire the same 
conservation measures~ 
e.g., IIIwl or Vle2 etc" represents class, sub-
class and unit .. 
Classes I-IV are considered arable, and classes V-VIII are 
considered non arable. The intensity of use decreases from 
I to IV and from V to VIII as the risk of erosion increases~. 
A. Arable: Land suited for cUltivation or cropping 
Class 1110 Moderate Physical Limitations 
\ 
IIIel - This unit is found mainly in the'lower catchment*where 
the following phases of soil types are included - Ashley 
silt loam and silt loam easy rolling phase, Oxford sil,t 
loam and silt loam easy rolling phase, Mairaki silt 
loam, Lismore stony silt loam, Paparua sandy loam and 
stony sandy loam, Eyre stony silt "loam, Ruapuna silt 
loam, Springburn silt loam and stony silt loam and 
Hororata stony silt loam .. 
Apart from easy rolling phases "roost of the soils are 
flat to ~very gently sloping and there is a moderate 
risk of wind erosion, with some sheet and rill on the 
easy rolling phases .. 
IIIe2 - This unit is reserved for a limited' area of deep,Tasman 
silt loam in the upper catchment", These soils occur 
under improved pasture on flat sites at just under 2,000· 
near Lake Grasmeres There is some' water table influence 
from Lake Grasmere which moderates the usual excessive 
*The lower catchment is the area from the Gorge bridge to the coast. 
The upper catchment is that area defined on page 3. 
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drainage on ,Tasman soils. Top soils have light texture 
and are susceptible to moderate wind erosion. 
Near Castle Hill, an area of Craigieburn soils 
influenced to some extent by wash from surrounding 
limestone areas have been placed in IIIe2. Once 
again there is moderate susc~ptibility to wind erosion. 
IIIw2 - This unit covers a small area of Dobson soils near Lake 
Grasmere, with imperfect drainage. Because of better 
moisture status and fertility it has a relatively high 
potential in the upper catchment environment., Soils 
are mostly peaty to sandy loams and there is only a 
slight risk of wind erosion under cultivation~ 
Class IV .. Severe Physical Limitations 
IVel - This unit io found mainly on the strongly rolling to 
rolling Kakahu soils on the south-facing lower slopes of 
the foothills in the Kowai catchment~ Soils are silt 
loams of low natural fertility usually under fescue-
tussock, browntop and some gorse. There are some areas 
of improved pasture. Under cultivation there is a risk 
of severe sheet or rill erosion~ contour ripping 
practices would aid these soils~ 
IVe2 - This unit includes flat to gently rolling Mesopotamia 
soils and certain Craigieburn soils (influenced by 
considerable topsoil accretion) in the upper catchment~ 
on older high terraces-and fan surfaces.. soils are 
usually under fescue-tussock, and are of low to medium 
natural fertility. Majority of areas lie at about 2,000° 
and although the soils are suitable for development by 
cultivation, there are severe risks of erosion by wind 
and t'rost lift .. 
IVwl - This unit includes flat to undulating areas of Kakahu 
soil under the foothills near Staircaseo Parts are 
in sown grassland, but there is much fescue and silver 
tussock, and also gorse. They are of low natural 
fertilit~ and may be wet and cold in winter. Some 
parts are shallow and stony.. Erosion risk is relat~vely 
slight. Drainage is advisable for pastoral or cropping 
use, but they are also well suited to commercial forestry~ 
IVw2 - Small areas of Dobson-like soils in drainage depressions 
in the upper catchment, which/with adequate drainage, 
are capable of developmente Under their present cover 
of rushes and fescue-tussock erosion risks are slight, 
but there is a risk of wind erosion with drainage and 
cultivation. 
IVsl - This unit is found on the terrace lands and fans and 
includes Ashwick stony and shallow silt loams in the 
Kowai catchment. Despite the shallowness of these soils 
and bouldery phases which are frequent, it is physically 
possible to cultivate them, though, moisture retention 
problems are severe during the October - April water 
deficit period common to the canterbury Plains area .. 
Wind erosion risks are severe. 
IVs2 - In the upper catchment there are many shallow Tasman 
soils of the recent river flats and basin floors, 
together with shallow Grasmere soils of the large 
fans in the Cass area which are able to be cultivated 
and used as Class IV~ The main limitations are the 
droughty nature of the soils and a severe risk of wind 
erosion under cultivatione 
Be Non Arable~ (Land Suitable for Pastoral or Production 
Forestry Use) 
Class VIe Moderate physical limitations 
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VIel - This unit includes Hurunui StE-, Hurunui Hill@ Kakahu Hill~ 
and Castle soils under fescue and silver tussock, where 
the aspect is sunny and erosion mostly slight sheet, 
(0 - 10% bare ground) e 
VIe2 - Identical except for shady aspecte 
VIe3 - Tekoa Hill, Cass Hill, and Sealey Hill soils under fescue 
tussock with sunny aspect and slight to moderate sheet 
erosione 
VIe4 - Identical except for shady aspect. 
VIeS - This unit represents the skeletal and steepland soils 
of "low altitude H' areas~ such as terrace edges, stream 
banks etc,,~ usually under fescue-tussock with scattered 
scrub species@ where erosion is usually slight to 
moderate sheet e They resemble VIlIel and VIleS units,~: 
but do not have the same erosion hazardo 
Vle6 - This unit covers strongly rolling to undulating areas 
which are physically possible to cultivate~ but because 
of such factors as slope, soil texture and soil depth 
in the mountain environment, erosion hazard is too sever€ 
for development by cultivatione Soils are Cass, a small' 
amount of Cass Hill, Grasmere, and Mesopotamia~ 
VIe7 - This unit covers Hurunui Stpol Tekoa Hill or Cass Hill 
soils under various scrub associations, (manuka or 
matagouri) where erosion is slight to moderate sheete 
VIe8 - This unit includes areas of beech forest on Katrine, 
Bealey Hill, Tekoa Hill and Hurunui StE" soils where 
erosion is unclassified" Theoretically it is possible 
to clear the bush from these areas and establish grazing 
or production forest, but in the meantime the best use 
would be temporary watershed protection. 
VIe9 - This unit covers all flat to undulating Craigieburn soils 
on outwash terraces especially in the Esk catchment and 
shallow Craigieburn soils in the Broken River catchment 
lying at altitudes between about 2,300 and 2,600 feet~ 
Although it is physically possible to cultivate these 
soils, they are non-arable because of the severe wind 
erosion hazard and winter conditions at this altitude. 
~. 
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If development is contemplated 'for pastoral purposes 
especially in the Nigger area, then a beginning should 
be made with windbreak planting" 
Vlwl - The unit includes small areas of poorly drained soils 
akin to Dobson soils under red and fescue tussock, such 
as the area flanking Cave stream" Erosion risk is very 
slight stream banke There are also other small isolated 
areas of Vlwl in the upper catchment~ 
Vlsl - This unit includes Tasman shallow~ and Ashwick stony 
shallow soils of the lowest terraces and young fan 
surfacese Vegetation is commonly fescue tussock with 
matagouri or broom", Shallowness, poor moisture holding 
capacity, and stoniness prevent cUltivation, though ·the 
areas will respond to topdressing and seeding" There 
isa slight to moderate risk of wind erosione 
VIcl - This unit is confined to most of the Kat,rine soils 
under fescue-tussock association., Slopes are rolling 
to strongly rolling and erosion only slight wind under 
the existing coverG Assuming that nutrient deficiency 
problems can be overcome, their major limitation to use 
as class VI is winter climate, and if the present cover 
is maintained the erosion hazard should not increase .. 
Class VII. Severe Physical Limitation . 
VIlel - Tekoa or Bealey Stp", soils dominantly under fescue~ 
tussock but with some snow-tussock~ sunny aspect and 
slight to moderate sheet erosion (10 - 20% bare ground) '" 
VII.e2 - This unit is similar to VIlel f) except that the aspect 
is shady~ 
VIle3 - This unit is similar to VIlel except that the erosion is 
severe 8 i®e~1 20-40% bare ground", Exceptions are 
isolated areas of eroded phases of Caes soils g where 
erosion is severe but topography easy-rolling to undulating. 
Vlle4 - This unit is similar to VIle3 except that the aspect is 
shady 0 
VIleS - This unit is in the same category as VIIlel, i.e~ "low 
altitude 'D skeletal soils of terrace edges etc 0 -
except that the erosion hazard is less o being moderate 
to severe.. In many cases afforestation for watershed 
protection is necessary" 
Vlle6 - This unit cove~Mt~White Stp~ and Kaikoura stpe soils 
within the 3,800 - 4,500 feet altitude range where 
the snow-tussock cover is in reasonable condition 6 and 
the erosion extent slight to severe.. They should be 
regarded as high altitude D emergency ° areas only .. 
VIle7 - This unit includes areas of Katrine, Katrine Hill!) Bealey 
Stp", or Tekoa stp., soils under tall scrub association. 
The areas are not extensive" and are commonly kanuka -
manuka dominant, though in places Dracophyllum a.nd Hebe 
communitie,s are dominant.. Erosion is usually moderate 
to severe sheet .. 
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VIleS - This unit includes Katrine, Katrine Hill, Avoca, Sealey 
stp®, and Tekoa stp. soils under beech foreste Erosion 
is usually unclassified though many stands are in poor 
condition. Although having a capability class of VII, 
these area.s would be best used for watershed protectione 
Vlle9 - This unit covers small areas of Tekoa Hil18 Avoca and 
Cass Hill (strongly leached phase) soils which occur 
under fescue with some red-tussock on gently undulating 
areas usually between 3~000 and 3,500 feet" Typically 
they are surrounded by other class VII areas, but they 
have much less erosion risk than normal class VII8 there 
being only slight to moderate sheet erosion on some 
units .. 
Vllsl - This unit covers very stony, shallow Tasman soi1s o 
under a sparse ilriverbed ll association. Soils are 
droughty, are too youthful for any natural fertility 
build up and there are fairly severe risks of soil 
loss by windblow, or removal by floods3 Usually they 
occur as islands amongst the former courses of the 
larger rivers, although they can represent newly 
stabilized areas of fresh material brought down by 
streams on to existing fan surfaces~ 
VIIs2 - This unit has been reserved from some 11,000 acres of 
Katrine soils in the Misery Moundsc Under a depauperate 
fescue-tussock cover, slopes are rolling to strongly 
rolling and for the most part are mildly wind and sheet 
eroded. The general appearance of the area indicates 
that the soils have fairly severe nutrient problems and 
this, together with a harsh winter climate~ is the major 
limitation in establishing a better cover on this unit0 
Class VIII" watershed Protection Land .. (Land not able to be 
used for grazing or 
forestry) 
Vlllel- This unit is reserved for Bilow altitude" areas showing 
extreme erosion i0e~, 50-60% bare ground.. Commonly 
they occur immediately adjacent to the main tributary 
streams in the upper catchment, whose beds normally lie 
at altitudes of 1,SOO-2,000u.. Because the major streams 
tend to quickly remove any debris which accumulates at 
the mouths of small tributaries~ these latter have steep 
unstable beds which are actively eroding headwards into 
older glacial gravels, creating steep slopes and an 
abundance of material for transport under high rates of 
.erosion.. Because of their skeletal soil. covering, removal 
of vegetation cover is c~itical. Such areas are also 
common at fairly low altitudes (2@000-3, 000°), on mountain-
sides where there 'is a deep cover of solifluction debris. 
These localised areas, under poor cover and prolonged 
heavy rains, are prone to debris avalanches or the forma-
tion of 6erosion;chutesg~ 
f 
'- "-(~. 
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Vllle2- Vllle2 areas exist on soil types which on a broad scale 
usually have a capability class of VII i.e., limited 
grazing use. They occur usually on very steep slopes 
under fescue and snow-tussock associations on the following 
soil types: Tekoa stpe, Mount White Stp. and Bealey Stp.' 
Because of the present extreme sheet, wind, scree and 
gully erosion, and continuing extreme erosion hazard they 
are placed in class VIII and recommended for afforestation 
with the aim of watershed protection. 
Vllle3- This unit is reserved solely for Lewis Stpe soils under 
beech forest. The function of these soils is watershed 
protection, and they exist on very steep to steep slopes 
almost wholly within the present ArthurG s Pass National 
Park~ Erosion hazard would be severe if the forest was 
removed. The existing erosion under the forest canopy 
is variable and mainly due to the effects of noxious 
animal damageo For this reason it is unclassifiede 
These effects usually result in the increased incidence of 
debris avalanches, under the high rainfall in this area. 
Vllle4- This unit includes very steep to strongly rolling slopes 
under snow tussock and carpet grasses on Spenser stp., 
Kaikoura stp. and Puketeraki soils, commonly referred to 
as the nhigh basinsie In all cases the vegetation is 
in reasonable condition, and the sheet and scree erosion 
is moderate ioeci in the lO~30% bare ground and visible 
erosion category. These areas are recommended for 
watershed protection g as protection grasslandc 
Vllle5- This unit includes most areas in excess of 4,500 feeto 
but specifically all Alpine Stpo, Spenser StpeD Kaikoura 
stpo and Puketeraki soils where erosion is extremee 
Vegetation cover varies from sparse snow tussock and 
carpet grasses, fellfield, with up to 40% ground cover -
to bare :rock and scree <> At this altitude the high rate 
of geological erosion, and severe climate condition 
'preclude the establishment of any protective vegetation, 
and the function of this land is watershed protection" 
Vllle5,," :VlIle4 and VIIle3 units .. in certain areas of 
the upper catchment have considerable potential for 
recreational usee In select areas the tourist industry 
should be considered~ 



